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PREFACE. 



The present work contains the substance of the six Lectures 
on the Classification of Animals, which form the first part of 
my "Lectures on the Elements of Comparative Anatomy," 
published in 1864. 

That book has long been out of print, and I have not had 
leisure to prepare a new edition of it; but I republish the 
portion which relates to Classification, because I am told, on 
good authority, that it is likely to be useful as a text book 
to lecturers, and students attending lectures, on Comparative 
Anatomy and Zoology. 

I have removed from the original text whatever discussions 
seemed out of place in a text book, and I have added defini- 
tions of all the most important orders of the Animal Kingdom. 

My best thanks are due to my friend Dr. Pye-Smith for 
the trouble which he has taken in seeing the work through 
the press, and in preparing the Glossary. 



London, March, 1869. 
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CLASSIFICATION OF ANIMALS. 



CHAPTER I. 

ON CLASSIFICATION IN GENEBAL, 

By the classification of aay series of objects, is meant the actual^ I 
or ideal, aiTangement together of those which are like aud the 
separation of those which are unlike ; the purpose of this 
arrangemeut being to facilitate the operations of the mind in 
clearly conceivmg and retaining in the memory, the characters 
of the objects in question. 

Thus, there may be as many classifications of any series of 
natural, or of other, bodies, as they have properties or relations 
to one another, or to other things ; or, again, as there are 
modes in which they may be regarded by the mind : so that, 
with respect to such classification as we are here concerned with, 
it might be more proper to speak of a elassiflcatiou than of tlie 
classification of the animal kingdom. 

The preparations in the galleries of the Museum of the Royal 
College of Surgeons are arranged upon the basis laid down by 
John Hunter, whose original collection was intended to illustrate 
the modifications which the great physiologicjil apparatuses 
undergo in the animal series : the classification which he adopted 
is a classification by organs, and, as such, it is admirably 
adapted to the needs of the comparative physiologist. 

But the student of tiie geiigrapbical distribution of animals, 
regarding animated ereaturea, not as diverse modifications of one 
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great physiological mocliamsm, but in relation to one another, 
to plants and to telluric coDditions, wonTd, with equal propriety, 
dispose of the contents of a Zoological Museum in a totally 
different manner ; basing his classilication, not upon organs, but 
on disti-ibutional assemblages. And the pure paleeontologist, 
looking at life from yet another distinct point,of view, woidd 
associate animal remains together on neither of these principles, 
but would group them according to the order of their succgssion 
in Time. 

Again, that classification which I propose to discuss in the 
present pages, is different from all of these : it is meant to 
subserve the comprehension and recollection of the facts of 
animal structure ; and, as Hueh, it is based upon purely structural 
considerations, and may be designated a Morphological Classifi- 
cation. I shail have to consider animals, not as physiological 
apparatuses merely ; not as related to other forms of life and to 
climatal conditions ; not as succeesive tenants of the earth ; but 
as fabrics, each of wliich is built upon a certain plan. 

It is possible and conceivable that every animal should have 
been constructed upon a plan of its own, having no resemblance 
whatsoever to the plan of any other animal. For any reason we 
can discover to the contrary, that combination of natural forces 
which we term Life might have resulted from, or been mani- 
fested by, a series of infinitely diverse structures ; nor, indeed, 
would anything in the nature of the ease lead us to suspect a 
community of organization between animals, so different in habit 
and in appearance, as a porpoise and a gfizelle, an eagle and a 
crocodile, or a butterfly and a lobster. Had animals been thus 
independently organised, each working out its life by a 
mechanism peculiar to itself, such a classification as tliat which is 
now under contemplation would obviously be impossible ; a 
morphological, or structural, classification plainly implying 
morphological or structural resemblances in the tiling classified, 

As a matter of fact, however, no such mutual independence 
of animal forms exists in nature. On the contrary, the different 
members of the animal kingdom, from the highest to the lowest, 
are marvellously connected. Every animal Las a sometliing 
in common with all its fellows: much, with many of them; 
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more, with a few ; and, Ksually, so much with several, that it 
differs but little from them. 

Now, a morphological classification is a statement of these 
gradations of likeness which are observable in animal structures, 
and its objects and uses are manifold.. In the first place, it 
strives to throw our knowledge of the facts which underlie, and 
are the cause of, the similarities discerned into the fewest pos- 
sible general propositions, subordinated to one another, accoi-ding 
to their greater or less degree of generality; and in this way 
it answers the purpose of a rtiemoria iechniea, without which the 
mind would be incompetent to grasp and retain the multifarious 
details of anatomical science. 

But there is a second and even more important aspect of 
morphological classification. Every group in that classification 
is such in virtue of certain structural characters, which are not 
only common to the members of the group, but distinguish it 
from all others ; and the statement of these constitutes the defi- 
nition of the group. 

Thus, among animals with vertebrse, the class Mammalia is 
definable as those which have two occipital condyles, with a 
well-ossified basi-ocdpital ; which have each ramus of the man- 
dible composed of a single piece of bone and articulated with 
the squamosal element of the skull ; and which possess mammae 
and non-nucleated red hlood-corpuscles. 

But this statement of the characters of the class Mammalia 
is something more than an arbitrary definition. It does not 
merely mean that naturalists agree to call such and such animals 
Mammalia: hut it expresses, firstly, a generalization baeed upon, 
and constantly verified by, very wide experience ; and, secondly, 
a belief arising out of that generalization. The generalization is 
that, in nature, the structures mentioned are always found asso- 
ciated together : the belief is, that they always have been, and 
always will be, found so associated. In other words, the defini- 
tion of the class Mammalia is a statement of a law of correlation, 
or coexistence, of animal structures, from which the most im- 
portant conclusions are deducible. 

For example ; if a fragmentary fossil be discoverod, consisting 
of no more than a ramus of a mandible and that part of the 
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skull with which it articulated, a knowledge of this law may 
enable the palreontologist to affiiin, with great confidence, that 
the animal of which it formed a part suckled its young and had 
non-nucleated red blood- corpuscles ; and to predict that, shoiJd 
the back part of that skull be discovered, it will exiiibit two 
occipital condyles and a well-ossified basi-occipital bone. 

Deductions of this kind, such as tliat made by Cuvier in the 
(amous case of the fossil opossum of Montmartre, have often 
been verified, and are well calculated to impress the vulgar 
imagination ; bo that they have taken rank as the triumphs of 
the anatomist. But it should carefully be borne in mind, that^ 
like all merely empirical laws, which rest upon a comparatively 
narrow observational basis, the reasoning from them may at any 
time break down. If Cuvier, for example, had had to do with a 
fossil Thylaeinus instead of a fossil Opossum, he would not have 
found tho marsupial bones, though the iaflected angle of the jaw 
would have been obvious enough. And so, though, practically, 
any one who met with a characteristically mammalian jaw 
would be justified in expecting to find tho characteristically 
mammalian occiput associated with it ; yet, he would be a bold 
man indeed, who should strictly assert the belief which is implied 
in this expectation, viz., that at no period of the world's history 
did animals exist which combined a mammalian occiput with a 
reptilian jaw, or vice vers&. 

Not that it is to be suppraed that the correlations of struc- 
ture expressed by these empirical laws are in any sense acci- 
dental, or other than links in the general chain of causes and 
effects. Doubtless there is some very good reason why the 
characteristic occiput of a Mammal should be found in association 
with mammsB and non-nucleated blood-corpuscles ; but it is one 
thing to admit the causal connection of these phenomena with 
one another, or with some third ; and another thing to affirm 
that we have any knowledge of that causal connexion, or that 
physiological science, in its present state, furnishes us with any 
means of reasoning from the one to the other, 

Cuvier, the more servile of whose imitators are fond of 
citing his mistaken doctrines as to the nature of the methods of 
palfeontology against the conclusions of logic and of common 
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sense, has put this so strongly that I cannot refrain from 
quoting his words.* 

" But I doubt if any one would have divined, if untaught by 
observation, that all ruminants have the foot cleft, and that 
they alone have it. I doubt if any one woull have divined 
that there are frontal horns only in this class: that those 
among them which have sharp canines for the most part lack 
horns. 

"However, since these relations are constant, they must 
have some sufficient cause ; but since we are ignorant of it, we 
must make good the defect of the theory by means of observa- 
tion : it enables us to establish empirical laws, which become 
almost as certain as rational laws, when they rest on sufficiently 
repeated observations; so that now, whoso sees merely the 
print of a cleft foot may conclude that the animal which left 
this impression ruminated, and this conclusion is as certain as 
any other in physics or morals. This footprint alone, then, 
yields to him who observes it, the form of the teeth, the form 
of the jaws, the form of the vertebrae, the form of all the bones 
of the legs, of the thighs, of the shoulders, and of the pelvis of 
the animal which has passed by : it is a surer mark than all 
those of Zadig." 

♦ * Osseinens fosailes,' ed. 4""', tome 1', p. 184. 
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CHAPTEE II. 

THE CHARACTERS OF THE CLASSES OP THE INTERTEBBATA. 

MonpHOLOGiCALclasBificatiou,tlien, acquires its highest import- 
ance as a statement of the empirical laws of the correlation of 
Btmetures ; and its value is in proportion to the precision and 
the compreheEBiveness with which tliose laws, the definitions of 
the groups adopted in the classification, are stated. So that, 
in attempting to arrive at clear notions concerning classification, 
the first point is to ascertain whether any, and if so, what 
groups of animals can be established, the members of wliicL 
shall be at once united together and separated from those of all 
other groups, by well-defined structural characters. And it 
will be most convenient to commence the inquiry with groups 
of that value which are commonly called Classes, and which 
are enumerated in an order and arrangement, the purpose 
of which will appear more fully by and by, in the following 



TABU! or THE CLASSES OF THE ANIMAL KINGDOM. 

The Limiis of ihe Four Cuvierian Syh-Kingdoms are indicated 

by the Brackets and Dotted Line. 

Radlata. 



; Gregarinida. Infusoria. 



Eadiohria. 
Spongida. 



Hydrozoa. 
Adinosoa. 



Poiyzoa. 



Echinodermata. 



Chcetognatha, 
Annelida. 



- Crustacea. 
Araeknida. 



^RTICULATA. 



Brachiopoda, 

Ascidioida. 



Lamellibranehiata. 



TlIU: OREGAEINIDA. 



PiseeB. 

Amphibia. 
MOLLTJSCA. Ueptaia. Veetebhata. 
Aveg. 
Mammalia. , 



Pvilmogaateropoda. 
Pieropoda. 

Gephalopoda. 

It ia not necessary for my purpose that the groups which 
are named on the preceding table should be absolutely and 
precisely equivalent one to another ; it is sufficient that the sura 
of them in the whole of the Animal Kingdom, and that each of 
them embraces one of the principal types, or plans of moriilica- 
tion, of animal form ; so that, if we have a precise knowledge of 
that which constitutes the typical structure of each of these 
groups, we shall have, bo far, an exhaustive knowledge of the 
Animal Kingdom. 

I shall endeavour, then, to define — or, where definition is 
not yet possible, to describe a tj^ical example of — these various 
groups. Subsequently, I shall take up some of those further 
classificatory questions which are open to discussion ; inquiring 
how far we can group these classes into larger assemblages, ivith 
definite and constant characters ; ami, on the other hand, how 
far the classes can be broken up into well-defined sub-clafses 
and orders. But the essential matter, in the first place, is 
to be quite clear about the different classes, and to have a 
distinct knowledge of all the sharply-deflnable modifications 
of animal structure which are discernible in the animal 
kingdom. 

I. The Gkeoarinida. 

These are among the simplest animal forms of which we 
have any knowledge. They are the inhabitants of the bodies, 
for the most part, of invertebrate, but also of vertebrate, 
animals ; and they are commonly to be found in abundance in 
the alimentary canal of the common cockroach, and in earth- 
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worms. They are all microacopie, and any one of them, leaving 
minor modifications aside, may be said tio consist of a sac, com- 
posed of a more or leas structurelesa, not very well-defined 
membrane, containing a soft semi-flnid snbstance, in tlie midst, 
or at one end, of wbicli lies a delicate vesicle ; in the centre of 
the latter is a more solid particle, (Fig. 1, A.) No doubt 
many persons will be struck with the close resemblance of the 
structure of this boiiy to that which is possessed by an ovum. 




You might take the more sob'd particle to be the representative 
of tilt! germiiiMl spot, and the vesicle to be that of the 
germinal vesicle; while the semi-fluid sarcodic contents might 
be regarded as the yelk, and the outer membrane as the 
vitelline membrane. I do not wish to strain the analogy too 
far, but it is, at iiiiy rate, interesting to observe this close 
morphological resemblance between oue of the lowest of animals 
and that form in which all the higher animals commence their 
existence. It is a very remarkable cljaracterietic of this group, 
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that there is no Beparation of tlis liody into digtinct layers, or 
into cellular elements. Tlie Qregarinida are devoid of mouths 
and of digestive apparatus, living entirely by imbibition of the 
juices of the animal in nhose intestine, or body cavity, they are 
contained. The most conspicuous of those phenomena, which 
we ordinarily regard as signs of life, which they exliibit, is a 
certain contraction and expansion along different diametei-s, 
the body slowly narrowing, and then lengthening, in various 
directions. Under certain circumstances (tbongh the conditions 
of the change are not tborougbly understood), it ia observed that 
one of these Qregarinida, whatever its form may be, will convert 
itself into a well-rounded sac, the outer membrane ceasing to 
exhitiit any longer those movementa of wiiich I spoke, and becom- 
ing coated by a structureless investment, or "cyst" (Fig. 1, B), 
The substance of tlie body contained within the cyst nest 
undei-goes a singular change. The central nucleus and the 
vesicle disappear ; after a time, the mass breaks up into a series 
of rounded portions and, then, each of those rounded portions 
elongates, and, becoming slightly pointed at each end, consti- 
tutes a little body which has been called a " Psi'udo-naviceUa." 
from its resemblance to the Diatoniaceous Naviavla or Navioella 
(Fig. 1, 0, D). Next, the capsule bursts and the Paeudo- 
naviceUm (^'g- i> JE, F) are scattered and passed out of the 
body of the animal wliicb they iuhabit. Though, of courso, a 
great number of them are destroyed, some, at any rate, are 
devoured by other animals ; and, when that is the case, the 
little particle of protein substance which is onclosed within the 
Pseudo-navie«Ma is set free from its shell, and exhibits much 
more lively movements than before, thrusting out processes in 
various directions, and drawing them in again, and, in fact, 
closely resembling one of those animalcules which have been 
eaUed Aine^w (Fig. 1, H), The yoimg Amcebiform Qregarina 
grows, increases in size, and at length assumes the. structure 
which it had at first. That, in substance, is all that we know of 
this lowest division of animal life. But it will be observed, 
there is a hiatus m our knowledge. We cannot say that we 
know the whole nature and niodo of existence of this, or any 
other animal, until we have trowed it to its sexual state ; but, at 
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present, we know nothing whatever of this condition among the 
Qregarinie; so that in reasoning about them we must always 
exercise a certain reticence, not knowing how far wq may Imve 
to modify our opinions by the discovery of the sexual state 
hereafter. 

The process of becoming encysted, preceded or accompanied 
very often by the mutual apposition of two Oregarinm, was for- 
merly imagined to correspond with nliiit ia termed among plants 
"conjugation," — a process which in some cases, at any rate, 
appears to bi3 of a sexual nature. But the discovery that a 
single Qregarina may become encysted and break up into 
P»eudo-naviceUsd, seems to negative this analogy. 



11. The EaizoroDA. 

It seems difficult to imagine a stage of organization lower 
than that of Gregarinida, and yet many of the Mhizopoda are 
still simpler (T'ig- 2). Kor is there any group of the animal 
kingdom which more admirably illustrates a very well-founded 
doctrine, and one which was often advocated by John Hunter, 
that life is the cause and not the consequence of organiziition ; 
for, in these lowest forma of animal life, there is absolutely 
nothing worthy of the name of organization to be discovered by 
the microBCOpist, though assisted by the beautiful iustruments 
that are now constructed. In the substance of many ofttieso 
creatures, nothing is to bo discerned but a mass of jelly, which 
might be represented by a little [Mtrticle of thin glue. Not that 
it corresponds with the latter in composition, but it has that 
texture and sort of aspect ; it is structureless and organless, and 
without definitely-formed parts. Nevertheless, it possesses aU 
the essential properties and characters of vitality ; it is produced 
from a body hke itself; it is capable of assimilating nourish- 
ment, and of exerting movements. Nay, more, it can produce 
a shell ; a structure, in many cases, of extraordinary complexity 
and moat singular beauty (Fig- 2, D). 

That this particle of jelly ia capable of guiding physical 
forces iu such a manner as to give rise to those exquisite and 
almost mathematically-arranged structures — being itself strne- 
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toreleffli and mthoiit permanent distinction op separation of parts 

— is, to my mind, a l'a(.'t oi'tlio profoundest significance. 

Thongli a Rliizopud ia not permanently organized, however, 
it can hardly be said to be devoid of organs ; for the name of 
the group is derived from the power which these animals possess 
of throwing out processes of their substance, which are called 
" paeudopodia," and are sometimes very slender and of great 
length (Fig. 2, E), sometimes broad and lobe-like (Pig. 2, A). 




These procesaes may flow into one another, so as to form a net- 
work, and they may, commonly, be ihrust out from any part of 
the body and retracted into it again. 

If you watch one of these animals alive, you see it thmsting 
out, first one and then another of its pseudopodia, exhibiting 
changes of form comparable to those which the colourless 
corpuscles of the human blood present. The movements of 
these Ehizopods are quite of the same character ; they are 
rapid, extensive, and effect locoraotien. The creature also feeds 
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itself by meana of its pseudopodia, which attach themselves to 
nutritive particles, and then draw them into fhe substance of 
the body. There is neither ingestive nor egestive aperture, 
neither special motor nor prehensile organs, but the pseudopodia 
perform each functiou as it may be required. 

But here, again, we labour under an imperfection of know- 
ledge. For, although it is quite certain that the Bhizapoda 
may multiply by division of their substance — in a way somewhat 
analogous to that wbicli I detailed when speaking of the Grega- 
rinida — yet, as in that case, we have no Itnowledge of any true 
sexual process. It is a moat remarkable eircumstance that 
though these animals are abundant, and are constantly under 
observation, we are still in doubt upon that essential point, — still 
uncertain whether there may not be some phase in the cycle of 
vital phenomena of the EMzopoda, with which wo are un- 
acquainted ; and, under these circumstances, a perfect definition 
of the flaas cannot even be attempted. 
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Fig. 3. — SphiBrotoiim oi:odimarf (after Haetkel), oaf of tiis cotnplfi Eadioliria. 

III. The Eadioiaria. 
The simple forms of this group consist of microscopic masses 



of Barcode or protoplasm, from which long slender paendopodia, 
which may unite into reticulationn, protrude. This protoplasmic 
substance contains a sac in which are inclosed cellEcform bodioB, 
fat globules, coloured granules or crystals, with more or less pro- 
toplasm. Very generally, numerous yellow corpuscles, which 
multiply by fission, are scattei'ed through the superficial proto- 
plasm. To these parts a skeleton may be added, consisting of 
spicula (which may be loose, or united into a shell imbedded 
in the superficial protoplasm), or of rods, which meet in tlie 
middle of the sac. The skeleton is usually silicified. Tho 
more complex forms consist of aggregations of tho simpler, which 
may inclose " vacuoles " or spaces full of water, as in SpJuerozoum 
(Fig. 3). No sexual process has been observed in any Radio- 
litrian. 

The siliceous skeletons of some of the Radiolaria are known 
nniler the name of Poltjcistinem, and, like the skeletons of the 
Forammiferay they enter largely into the formation of some 
strata of tlie earth's crust. 



IV. The Spongida, 

Multitudinous forms of sponges exist in both salt and fresh 
waters. Up to the last few years we were in the same case, with 
respect to this class, as with the Gregarinida, the Bkizopoda, and 
the Badwlaria. Some zoologists even have been anxious to rele- 
gate the sponges to the vegetable kingdom ; but the botanists, «'ho 
understood their business, refused to have anything to do with 
the intruders. And tho botanists were quite right ; for the 
discoveries of late years have not left the slightest doubt that 
the sponges are animal organisms, and animal organisms, too, of 
a very considerable amount of complexity, if we may regard as 
complex a structure which results from the building up and 
massing together of a number of similar parts. 

The great majority of tho sponges form a skeleton, which ia 
composed of fibres of a homy testure, strengthened by needles, 
or spicula, of siliceous, or of calcai-eous, matter ; and this frame- 
work is so connected together as to form a kind of fibrous 
skeleton. This, liowever, is not the essential part of the animal. 
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which is to be Bought in that gelatinous siibstain*, which investe 
the fibres of the skeleton during life, and is traversed by canals 
which open upon the surface of the sponge, directly or indirectly, 
by many minute, and fewer large, apertures. 

If I may reduce a sponge to its simplest expression — taking 
the common S^pongiUa, for example, of our fresh waters, — the 
structure — removing all complexities, and not troubling our- 
selves with the skeleton, because that has nothing to do with 
what we are now considering — may be i-epresented by the 
diagram (A, Fig, 4). There is a thin superficial layer (a) 
formed entirely of a number of the so-called sponge particles, or 
ultimate components of the living substance of the sponge, each 
of which is similar to an Ama^, and contains a nuch-us. These 
are all conjoined in a single hiyer, so as to form a continuous 
lamellar membrane, which constitutes the outer and superficial 
layer of the body. Beneath this is a wide cavity, communicating 
with the exterior by means of minute holes in the superficial 
layer (fc), and, of course, filled with water. The cavity separates 
the superficial layer of the sponge from its deeper substance, 
which is of the same character as the superficial layer, being 
made up of a number of aggregated sponge particles, each of 
which has a nucleus, and is competent to throw out numerous 
pseudopodial prolongations if detached. While the living sponge 
is contained in water, a great number of currents of water set in 
to the wide cavity beneath a, a, through the minute apertures 
(h), which have thence been termed "inha!ent." 

In the floor of the cavity there are a number of apertures 
which lead into canals ramifying in the deep layer, and eventu- 
ally ending in the floors of certain comparatively lofty funnels, 
or craters. The top of each of the.se presents one of those larger 
and lees numerous apertures, which have been referred to as 
existing on the surface of tlie sponge, and which are fitly termed 
" exhalent " apertures. For it has been discovered that strong, 
though minute, currents of water are constantly flowing out of 
these largo apertuif s ; being fed by the currents which as con- 
stantly set iu, by the small apertures and through the superficial 
cavity, into the canals of the deeper substance. The cause of 
this very singular system of currents is the existence of vihratile 
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cilia in the water-pfissiigcs of the sponge, V)ut it is only quite 
recently tliat the precise nature of the arrangement of the appa- 
ratus which gives rise to these currentB," has been made out. 
The canals which enter the deep substance of the sponge become 
dilated into spheroidal chambers, lined with sponge particles 
(Fig, 4, A, c, C), each of which is provided with a vibratile 
cilium ; and as all these cilia work in one direction — towards 
the crater — they sweep the water out in that direction, and its 
place is taken by fresli water, which flows in through the small 
apertures and through tbe superficial chamber. The currents 
of water carry along such matters as are suspended in them, 
and these are appropriated by the sponge particles lining tbe 
passages, in just the same way as any one of the Mhizopoda 
appropriates the particles of food it finds in tbe water about 
itself. So that we must not compare this system of apertures 
and canals to so many months and intestines ; but the sponge 
represents a kind of subaqueous city, where tbe people are 
arranged about the streets and roads, in such a manner, that 
each can easily appropriate his food from the water as it passes 
along. 

Two reproductive processes are known to occur in the 
sponges : the one of them, asexual, corresponding with tbe en- 
cysting process of tbe Greffarinida ; and the other, truly sexual, 
and answering to tbe congiess of the male and female elements 
in the higher enimala In the common fresh-water 8;pongiUa, 
towards the autumn, the deeper layer of the sponge bec^jmes 
full of exceedingly small bodies, sometimes called " seeds" or 
"gemmules," which are spheroidal, and have, at one point, an 
opening. Every one of these bags — in the walls of which are 
arranged a great number of very singular spicula, each resem- 
bling two toothed wheels joined by an axle — is, in point of 
fact, a mass of sponge particles wbieb has set itself apart — 
gone into winter quarters, so to speak — and becoming quite 
quiescent, encysts itself and remains still. The whole 8j)ongiUa 
dies down, and the seeds, inclosed in their case, remain un- 
injured through the winter. When tbe spring arrives, the 
encysted masses within the "seed," stimulated by tlie altered 
temperature of the water, creep out of their nests, and straight- 



THE INFUSOniA. 17 

■wtLj grow up into SpongiUm like that from which they pro- 
ceeded. 

But there is, in addition, a true aexual process, which goes 
on during the summer months. Individual sponge particles 
become quiescent, and take on the character of ova ; while, in 
other parts, jiartieular sponge particles fill with granules, the 
latter eventually becoming converted into spermatozoa. 

These sacs burst and some of the spermatozoa, coming into 
contact with the ova, impregnate them. The ova develop and 
grow into ciliated germs (D, Fig, 4), which make their way out, 
and, after swimming about for a while, settle themselves down 
and grow up into S^ongillm. 

Now that wo know the whole cycle of the life of the sponges, 
and the characters which may be demonstrated to be common 
to the whole of this important and remarkable class, I do not 
think any one who is acquainted with the organization or the 
functions of plants will be inclined to admit that the Spongida 
have the slightest real affinity with any division of the vegetable 
kingdom. 



V. The Infusobia. 

Although the Infusoria have been favourite studies for many 
years, it is only quite recently that the anatomy of these 
animals has been satisfactorily made out. 

The. different species of the iufusoTJal genus Paramcecitim are 
very common among the microscopic inhabitants of om- fresh 
waters, swimming about by means of the vibratile cilia with 
which the whole surface of tlieir bodies is covered; and the 
structure which essentially characterises these animals is pro- 
bably that which is common to the whole of the Infusoria, so 
thatanaccount of the leading structural features of Paramtecium 
is, in effect, a definition of those of the group. 

Imagine a delicate, slipper- shaped body inclosed within a 
structureless membrane, or cuticula, which is i'ormed as an excre- 
tion upon its outer surface. At one point (Fig. 5, B a) tlie body 
exhibits a slight depression, lea'ling into a sort of little funnel 
(6 c) coated by a continuation of the same cuticular investment. 
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which 8top8 sliort at tlie bottom of the funnel. The whole of the 
bag formed by the euticula is lined by a soft layer of gelatinous 
matter, or "Rarcode," which is called the "cortical" layer 
(Fig o, A a), while mside that, and passing into it quite gradu- 
ally, there being no t^barp line of demarcation between the two, 
is a semi-fluid substance, which occupies the whole of tbo 
central region of the body. Neither in the cuticle, the cortical 
layer, nor the central substance, has any anatomist yet dis- 
covered a differentiation into cellular layers, nor any trace of 




Kig, 6. — Pnnana.aum bursnnii (after St* n^ A The an mal r ewed from (Jie dorsJ lide; 
a, coi-tiud layer of the bodf; b uu bub c mnt act U diamber d tT, mnttera 
tabpa in as food , b chlorDjhj grannies 

B, The animal Tiewfd from tlie venfral aide, a, depression leadmg tu i, month; 
c, gullet ; d, " nnclens ;" (T, " nuoleoliis ;" e, ctnlml saroode. Iq both tlieae figorea 
the arrows indicaif (he directioo of Efae drcidatjoii of the frorcod^ 

C, ParttnuBaium diviiliiig tranavei-Bely ] a a', contractile spaces ; 6 b', "uuckua" 
dividiog; e c', "nucleoli." 

that histological composition which we meet with in the tissues 
of the higher animals; so that here is another case of complex 
vital phenomena proceeding from a substance which, in a histo- 
logical sense, is structureless. 

At two points of the body (Fig, 5, A, e, c) the substance 
of the cortical layer exhibits a remarkable power of contrac- 
tion and dilatation. If you watch one of those points, the 
sarcode suddenly seems to open like a window, and, for a while, 
B clear space is visible, which then, quite suddenly, shuts agaia. 
After a little time the same diastole and systole are repeated. 
As the systole takes place, it is possible, occasionally, to discern 
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certain radiating canals, whicli extend from the cavities into the 
surrounding sarcode, and disappear again before diastole occurs. 
There is no doubt that the clear apace is a chamber filled with 
fluid in the cortical layer; and since good obaerYers maintaiu that 
there is an aperture of communication, through the cuticula, 
between the 'contractile chamber' and the exterior, this fluid 
can be little more than water. Perhaps the whole should bo re- 
garded as a respiratory or eecretory mechanism : in one shape or 
another, it is eminently characteristic of the Infusoria. Besides 
this singular apparatus, there lies embedded in another part of 
the cortical layer a solid mass, of an elongated oval shape (Fig. 
5, A, B, d), which has been called the " nucleus," though it must 
he carefully distinguished from the " nucleus " of a cell. Upon 
one side of this, and, as it wore, stuck on to it, is a little rounded 
body (Fig, 5, B, d'), which has received the name of the 
"nucleolus." The animal swims about, driven by the vibration 
of its cilia, and whatever nutriment may be floating in the water 
is appropriated by means of the current which is caused to set 
continually into the short gullet by the cilia which line that 
tube. 

But it is a singular circumstance, that these animals have an 
alimentary canal consisting of a mere gullet, open at the bottom, 
and leading into no stomach or intestine, but opening directly 
into the soft central mass of sarcode. The nuti-itious matters 
passing down the gullet, and then into the central more fluid sub- 
stance, become snn-ounded by spheroids of clear liquid (Fig. 5, 
A, d), consisting apparently of the water swallowed with them, bo 
that a well-fed Paramaeeiiim, exhibits a number of cavities, each 
containing a little mass of nutritious particles, llenee formerly 
arose the notion that these animals possess a number of stomachs. 
It was not unnaturally imagined that each of the cavities in 
question was a distinct stomach ; but it has since been dis- 
covered that the outer layer of the sarcode is, by means of some 
unknown mechanism, kept in a state of constant rotation ; so 
that the supposed stomachs may be seen to undergo a regular 
circulation up one side of the body and down the other. And 
this cireumstance, if there were no other arguments on the same 
side, is sufficient to negative the supposition that the food- 
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containing spaces nro stomncba ; for it is impossible to imagine 
any kind of anatomicul aTrangement which shall permit true 
dilatations of an alimentary canal to rotate in any such manner. 
Fffical matters are extruded from an anus, which is situated not 
far from the mouth, but is invisible when not in use. It is an 
interesting and important cliai-aeter of the Infusoria, in general, 
that, under some circiim stances, thoy become quiescent and 
throw out a structureless cyst around their bodies. The Infu- 
sorium then not unfrequently divides and subdivides, and, the 
cyst bursting, gives rise to a number of sejiamte Infusoria, 

The remarkable powers of multiplication by fission which 
many of the group exhibit are well known ; but within the last 
few years tlie investigations of Miiller, Balbiani, Stein, and 
others, have led tliem to believe that these minute creatures 
possess a true_ process of sexual multiplication, and that the 
sexual organs are those which have been denominated "nucleus" 
and "nucleolus." The nucleus is considered to be the true 
ovary — tlie nucleolus, the testis, in Paramcecium. But further 
information is required before this interpretation can be finally 
accepted. All that can be said to be made out with perfect cer- 
tainty is, that occasionally vibrio-like rods {the supposed sper- 
matozoa) are seen in the enlarged and modified nucleolus and 
nucleus ; and tliat the nucleus may under certain circum- 
stances give rise to germs by fission. 

A process of conjugation has been observed in many Infusoria. 

In giving an account of the preceding groups, I have substi- 
tuted for a definition of each class a description of the stnicture 
of some particular member of that class, or of tlie organic 
features which are most obviously characteristic of the class ; 
because, in hardly any of those groups has the structure of many, 
and widely different, members been thorougldy and exliaustively 
worked out. 

1 entertain little doubt, however, that tbe main features of 
the description of i^n^tf^a might substantially be taken as a 
definition of the Spongida, and those of the description of Para- 
mceeium, as a definition of the Infusoria. On the other hand, 
we poBsesa no such complete knowledge of the vital cycle of 
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any Oregarina, Bhizopod, or Eadiolarian ; and neither deBcriji- 
tiou nor definition of tlie corresponding t'lasses, of a thoroughly 
satisfactory kind, is attainable. 

No such difBcnlties beset ua in studying the next class, which 
embraces tlie Hydroid polypes and the Medusw, and which may 
be deSned with as much precision as any group iu the Animal 
Kingdom. 

VI. The Hvdhozoa. 

All tliH Hydrozoa exhibit a definite histulogieai strncture, 
tiieir tissues pi-iiuarily presenting that kind of orgauization 
which bus been called eellular. Again, the body always ex- 
hibits a separation into at least two distinct layers of tissue — 
an outer and an inner — which have been termed, respectiyely, 
ectoderm and endoderm. The endoderm is that layer which 
lines the inner cavities of the body, from the mouth inwards ; 
the ectoderm is that which forms its esteraal covering. 

These two layers are shown in the accompanying diagram- 
matic sections of the leading forms of Hydrozoa, the ectoderm 
being represented by the thin line with (he adjacent clear space, 
the endoderm by the thick dark line (Fig. fi). 

A third distinctive character of tlie Hydrozoa is, that tlio 
digestive cavity communicatea directly, by a wide aperture, with 
the general cavity of the body; the one, in fact, passing by 
direct continuity into the other. Furthermore, the digestive 
sac is not in any way included in the substance of the rest of 
the body, hut stands out independently, so that the outer vs-ail 
of the digestive cavity is in direct contact with the water in 
which the animal lives, and there is no perivisueral chamber. 
The like is true of the reproductive oi^ans, which may vary 
very much in form, but have the common peculiarity of being 
developed as outward processes of the body wall, so that their 
external surfaces are directly in contact with the surrounding 
medium. 

The majority of these animals seize their prey by means of 
tentaculft developed either around the mouth, or from the walls 
of the digestive cavity, or from the body wall ; and these tenia- 
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cles, as well aa other parte of the body, are provided with 
those peculiar weapoDB of offeDCe which have been termed 
" thread-cells." 
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VII. The Acthjozoa. 

This c]a.sa contaioB those animals wliich are familiar to us as 
Sea-aiiemoneB and Coral-polypes, by tho latter of which, id many 
parts of the world, those huge reefs, which are so well known to 
iiuvit^ators, aio constructed. It embraces the Sea-pens and the Bed 
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poral, and tliosi; creatiires wliit'li are known to us under tlie uamoa 
i-f BeroS, Cydippe, Pleurobrachta, &c., transparent, beautifully 
Byin metrical, free-swimming auimals, provided with eight rows 
of longitudinally-disposed largo cilia. In all these auinuils we 
find a great nniformity of structure, and their plan of constructiun 
is quite aa readily definable as that of the preceding class, with 
which they exhibit a close affinity. Like the majority of the 
Bydrozoa, moat Aeiinozoa have their mouths surrounded by ten- 
tacles; and there is the same primary distinction of the body 
into two cellular layers — the ectoderm and the endoderm — 
though, in the adnlt forms of the more highly organized Aetino- 
zoa, these primitive layers become further difTercntiatod into 
bundles of definitely disposed muscular fibres, and oven into 
nerves and ganglia. 

As in the Sijdrozoa, again, thu alimentary canal oommuui- 
cates freely, and by a wide aperture, with the general cavity of 
the body ; but the whole of the Adinozoa, polype-like as tiioy 
are in external ajipearance, differ from the Hydrozoa by a very 
important further progress towards complexity. We found that 
in the Eydrozoa the digestive cavity was completely outside the 
general cavity of the body, the digestive portion of the organism 
being continued into, and not in any way i-ontained within, the 
part which surrounds the general cavity, liut if you make a 
vortical section of a sea-anemone (Fig. 7)j you will find that 
the alimentary cavity — as freely open at tho bottom aa in the 
Sydrozoa — is encloseil within a part of the body which contains a 
prolongation of the general cavity. If you could sujipose the 
stomach of a Hydrozoon thrust into that part of the body with 
which it is continuous, so that the -walls of the body should rise 
round it and Ibrm a sort of outside case, containing a prolon- 
gation of the general cavity, the Hydrozoon would be converted 
into au Aciiiiozooti. 

The prolongation of the general cavity tlius produced, which, 
as it surrounds tlie chief viseua, may be termed the " perivisceral 
cavity " (d), receives the products of digestion mixed with much 
eea-water ; and the nutritive fluid, which fills the perivisceral 
cavity and its ramifications, plays tho same part aa the blood of 
the more highly organized animals, 'i'he gastric chamber of 
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the Adirtozoa docs not lie free in the interior of the body, but is 
connected to the eides of it by means of membranous partitions, 
the eo-talled "mesenteries" (/}, which pass radially from the 
stomach to the side walls of the boiy, and so divide the " peri- 
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visceral cavity " into a number of chambers, which communicate 
with the bases of the tentacles. In the whole of the Hydrozoa 
the reproductive organs were attached to the exterior of the 
body, and projected from it. In the whole of the Adinozoa, 
on the other hand, the reproductive organs (of which both sexes 
are frequently combined in the same individual) are intemal, 
inasmDch as they are situated in the substance of the mesen- 
teries {g). 

These are the universal and distinctive characters of the 
Adinozoa. That some are simple and some are compound 
organisms ; that some are fixed aod some free swimmers ; that 
many are soft, whilu a great number are provided with very 
densti skeletons ; that some possess a rudimentary nervous 
system, while the majority have as yet afforded no trace of any 
such structure — are secondary circumstances in no way affecting 
the problem before us, which is, to find a diagaostic definition 
iif the group. 
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VIII. The Polyzoa. 

Notwitlistanding the invariably miuuteeize of tlie organismB 
which constitute this class, they exhibit a very great advance in 
complexity of structure. In such a compound Polyzoon as the 
Sea-mat, or Flustra, the entire surface of the foliaceous expan- 
sion, on being examined by the microscope, will be found to be 
beset with an infinitude of minute apertures leading into little 
cliambers, out of each of which, when the animal was living and 
active, multitudes of little creatures might be seen protruding the 
oral extremities of their bodies. The ends of the branches of thn 
freshwater genua Plumatetla, represented in Fig. 8, present a simi- 
lar spectacle. Each mouth is surrounded by a circlet of tentacles ; 
and, as eveiy tentacle is fringed with long and active vibratile 
cilia, lashing the water towards the mouth, hundreds and thou- 
sands of little Maelstroms are created, eacli tending to suck down 
such nutritious bodies, living or dead, as come within its range. 
The mouth (Pig. 9) leads into a long and wide pharyngeal 
and oesophageal tube, which opens, below, into a definite 
stomach. From this is continued a distinct intestine, which 



Fig. 8. — Plamatell-i repens, 




Rei (Rfler Allman). 



bends upon itself towards the oral end of the body, so as to form 
a sharp angle, and then terminates upon the outer surface near 
the mouth; so that we liave here, for the first time in our 
ascending survey of the Animal Kingdom, an animal possessing 
. a complete irjtestine, not only structurally separated from the 
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general subatanco of the body, aud provided with ] 
apertures, as in the Sydrozoa and Actinozoa, but c 
abut off from the perivisceral cavity, and in direct co 
tiou only with the external medium. All the Polyxi 
a nervous system, the characters and poaitiou of \ 
very well defined. It consists of a single ganglion (. 
pLiced between the oral and the anal apertures, am 
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off nerves in varioaa directions. It has been a£Gri 
in some Folyzoa, there is a more extended system of 
which the various zooids of the compound organism i 
in communication ; bat of that we want further evid 
these animals no heart has been discovered as yet, th 
vphich result from digestion percolating through the wi 
intestine, and becoming mixed with the perivisceral fli 
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of the structural characters which I have meutioued ia exceed- 
ingly important. As I have said, the intestine is not straight, 
but is bent upon itself (Fig. 9), and the direction of flexure ia 
such that the nervous gauylion, which corrisspouds with those 
called " pedal " in Lamellihranchiata, ia placud iu the re-entering 
\, w)> angle between the gullet and the rectum. In order to express 

ding this relation of the nervous system to the alimentary caua), the 

flezure of the latter has been called " neural " — the side of the 
I body on which the principal ganglion ia placed, aud towards 

which the intestine is bent, being the " neural " side. Whatever 
our terminology, however, the gieat point ia to remember that 
tlie structural relation which it expresses is constant throughout 
the Pohjzoa. ^^^^ 

IX. The BitACHioPODA. ^^H 

Notwithstanding that these animala differ very much in 
external appearance from the Pdyzoa, we shall find a singular 
fundamental resemblance of mtemal atructure between the two 
classes. All known Palyzoa are compound animals, that is to 
say, the product of every ovum gives rise, by gemmation, to 
great assemblages of partially independent organisma, or zooids. 
The Brachiopoda, on the contrary, are all simple, the product 
of each ovum not giving rise to others by gemmation. All the 
Brachiopoda possess a bivalve shell — a shell composed of two, 
more or less horny, or calcified, pieces, which are capable of a 
certain range of motion on one another, and are very commonly 
articulated together by teeth and sockets. The proper body, 
which is small when compared with the size of the shell, has 
■rf the its dorsal integument produced into broad membranoua expau- 

' "" sione, which line the interior of the valves of the shell, and are 

called the lobes of the mantle or " pallium." The aperture of 
that, the mouth is situated in the middle line, between the pallial 

is by lobes, and, on each side of it, is a longer or shorter prolon- 

tooed gation of the body, provided with ciliated tentacula. It ia 

I In from the presence of these " arms " that the class haa received 

SttflTs its name. The tentaculate oral disk of a PlumuteUa is already 

tthe horse-shoe shaped (Figs. 8 and 9) ; suppose each eras of the 

MOne horse-ahoe to he pulled out to a much greater length, and 

I 
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ilong, tiiat sidft of the body from which the other lobe of the 
mautle proceeds; and then either ends, blindly, iu the middle 
line (Fig. 10), or else terminates in a distinct anus between the 
pallial lobes. 

Tlie principal gangh'onic mass is situated behind and below 
the mouth, in the re-entering angle between the gnllet and the 
rectum ; in other words, the intestine has, as in the Polyzoa, a 
neural flexure (Pig- 10). In all Brachtopoda which have been 
carefully dissected a singular system of cavities and canals 
situated in tlie interior of the body, but in free communication 
with the surrounding medium, has been discovered. This, 
which I shall term the " atria! " system (from its close corre- 
spondence with the system of cavities, which has received the 
same name in the Aseidians), haa been wrongly regarded as a 
part of the true vascular system, and the organs by which it is 
placed in communication with the exterior have been described 
as " hearts." There are sometimes two and sometimes four of 
these " pseudo-hearta," situated in that part of the body wall 
which helps to bound the palhal chamber. Each pseudo-lieart 
is divided into a naiTow, elongated, external portion (the so- 
called " ventricle "), which communicates, as Mr. Hancock has 
proved, by a small apical a^ierture with the pallial cavity ; and 
a broad, funnel-shaped inner division (the so-called " auricle "), 
communicating on the one hand by a constricted neck with the 
so-called " ventricle," and, on the other, by a wide, patent 
mouth, with a chamber which occupies most of the cavity of 
the body proper, and sends more or less branched diverticula 
into the pallia! lobes. Those have been described as parts of 
the blood vascular system ; and arterial trunks, which have no 
existence, have been imagined to connect the apices of the 
ventricles with vascular networks of a similarly mythical 
character, supposed to open into tlie branched diverticula. 

In fact, as Mr. Hancock has so wel! shown in his splendid 
and exhaustive memoir, published in the PhUosofhieal Trans- 
OfliMns for 1857, the true vascular system is completely distinct 
from this remarkable series of " atrial " chambers and canals, 
the function of which would appear to be to convey away 
excretory mattei-s and the products of the reproductive organs, 
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wliich are developed in 



parts of the walls of the atrial 



The precise characters of the true vaaeular system of the 
Braehiopoda probably require still further elaboration than they 
have yet received; and the same may be said, uotwitlisianiiing 
the valuable contributions of F. Miiller and of Lauaze Duthiers, 
of their development; but the shell, the pallial lobes, tlie in- 
testine, and the nervous and the atrial sj'Btema, afford ehiiructors 
amply sufficient to define the class. 



X. The Ascidioida, 

These, like the Brachio^da, are marine animals, and are 
very common all over the world; the more ordinary forms of 
them being always easily recognisable by the circumstance 
that their external integument is provided with two prominent, 
adjacent apertures, so tliat they look very ranch like double- 
necked jars (Fig. 11). At first sight you might hardly suspect 
the animal nature of one of these singular 
organisms, when freshly taken from the sea s 
bnt if you touch it, the stream of water 
which it squirts out of each aperture reveals 
the existence of a great contractile power 
within ; and dissection proves that this power 
is exerted by an organism of a very con- 
■ siderable degree of complexity. Of the two 
apertures, the one which serves as a mouth 
is often — but not always — surrounded by a 
circlet of tentacles (Fig. 12, c). It invari- 
ably leads into au exceedingly dilated pha- 
■j rynx, the sides of which are, more or less 
aperturf; o,' tise of cxteusively, perforated. The gullet comes 
attiidimcDL ^(y fj.^^ ^^^ gjj^j pf ^jjg ptjarynx, and then 

dilates into the stomach, from which an intestine, usually of 
considerable length, is continued to tJie anal aperture. The 
latter is almost always situated within a chamber which opens 
externally, by ihat second aperture upon tlio exterior of the 
test, to which I referred just now. Furthermore, in all Asci- 
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pharynx to the body walls, on which the right and" left lamellae 
become continnons, so as to form the lining of the chamber (h), 
into which the second aperture (l) leads, or the " atrial chamber," 
PoBteriorly, or at the opposite end of the atiial chamber to its 
aperture, its lining membrane (the " atrial tunic ") is reflected to 
a greater or less extent over the intestine and ciri^ulatory organs, 
sometimes inclosing each of their parts in distinct plications (as 
in the genu8 PhaUmia), sometimes merely passing over, them, 
and limiting the blood sinus in which they are contained (as in 
ClaveUna, &a.). Where the atrial tunic is reflected over the 
sides of the pharynx, the two enter into more or less close 
union, and the surfaces of contact become perforated by larger 
or smaller, more or less numerous, apertures. Thus the cavity 
of the pharynx acquires a free communication with that of the 
atrium ; and, as the margins of the pharyngo-atrial apertures 
are fringed with cilia, working towards the interior of the body, 
a current is produced, which sets in at the oral aperture, and 
out by the atrial opening, and may be readily observed in a 
living Ascidian, 

The Ascidians possess a distinct heart, but of a very simple 
construction, seeing that it is merely an incomplete muscular 
tube, open at each end, and devoid of valves. Tunctionally, it 
is not less remarkable than structurally ; for, in the great 
majority of Ascidians, if not in all, it exhibits a regular alter- 
nation in the order of the peristaltic contractions of its 
muscular substance, which has no parallel in tho Animal 
Kingdom. The result of this reversal in the direction of the 
contractions of the heart is a corresponding periodical reversal 
of the course of the circulation of the blood, so that the two 
ends of the heart are alternately arterial and venous. 

The perfLirated pharynx performs the function of a branchial 
apparatus, the blood contained in its sieve-like walla being 
subjected to the action of constant currents of aerated water. 
All Aacidiiins poss<>ss a single nervous ganglion placed upon 
one side of the oral aperture (h, Fig. 12), and, in all known 
genera but Appendicularia, it is situated between the oral and 
atrial apertures, and, indeed, between the oral and anal 
apertures ; for, in all genera but that mentioned, the intestine. 
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Etr it liaa made its hicmal bend, curves down towards thn 
nenrnl side of the body, and opeua into tlie atrium on that side 
of tlie body, and behind the uervoiia ganglion. 

The outer integument of the Ascidians secretes upon its 
surface, not a calcareous shell, but a case or "test," which may 
vary in consistence from jeily to hard leatlier or horn. And 
it is not one of the least remarkable characteristics of the 
group that this test is rendered solid, by impregnation with a 
substance identical in all respects with that " cellulose " which 
is the proximate principle of woody fibre, and forms the chief 
part of the skeleton of plants. Before the discoveries of late 
yeai-s had made us familiar with the production of vegetable 
proximate principles by the metamorphosis of animal tissues, 
this circumstance was justly regarded as one of the most 
remarkable facts of comparative physiology. 

The last common and distinctive peculiarity of the Ascidians 
which I have to mention, is one which acquires importance only 
from its constancy. The middle of the hieraal wall of the 
pharynx, from near the oral to the oesophageal end, in all these 
animals, is pushed out into a longitudinal fold, the bottom of 
which projects into a blood sinus, and has a much thickened 
epithelial lining. Viewed from one side, the bottom of the 
fold consequently appears like a hollow rod, and has been 
termed the "endostyle" (m. Fig. 12). The functions of this 
structure are unknown, but it has been noticed in all genera of 
Ascidians hitherto examined. 



XI. The Lamelubranchiata, 



P This group, comprising those creatures which we know as 
mussels, cockles, and scallops, and all the fabricators of what 
are commonly known as bivalve shells (except the Brachiopoda), 
presents an important advanco in organization. In all these 
animals, the body, as is exemplified by the diagram (Fig. 13) 
of a freshwater mussel (Anodon), is included witliiu a mantle or 
" pallium," which is formed by a prolongation of the dorsal 
integument, — a structure in principle quite similar to that 
wliicli we met with in the Brachiopoda. But there is this 
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eBaeotial difference between the two, — tliat whereas, in the 
Branhiopoda, the mantle lobes corresponded with the anterior 
and posterior regions of the body, in the LamelUhranchiata 
they answer to the right and left halves of the body. The 
intestine, which always terminates by a definite anus between 
the mantle lobes, at the posterior end of the body, has its 
fixst flexure neural. There ii always a well-developed lieart, 
which ia much more complex than that of the Ascidians or 



Fig. 13. 




Fig. 13. — Seationnl diagram of a freshwater muBiel {Aiiodon). A A, manSr, Uie right 
lobe af nhidh ia cut away ; B, foot ; C, bmudiial chnmber of the maotle cavity ; D, 
anal chambei': /, Hnteriar adductor tuuscle; //. posterior addaetor mincla; 
a, mouth; b, etoinBi:h ; c, inlcstin«, the lurus of vliich (ire tappowd to be Men 
through the liide walla of the foot ; d, lertum ; e, anua ; /, vontriale ; g, siiridle ; A, 
glllp, except i, right eitemal gill, largely cut away Dad turned back; k, lubial palpi; 
/, cerebi-nl; n^ pedal; h, parieto-BplaDchnic ganglia; o, npei-ture of the organ of 
Bojunus; p, perltaiiJiuin. 

Braehiopods, being divided into diatiuet auricular and -ven- 
tricular chambers. Commonly, there are two auricles and one 
ventricle, as in Anodon ; but in other LameUibranehiala, such 
as the oyster, there is a single auricle and a single ventricle, 
and, in some exceptional cases, there are two auricles and two 
ventricles, forming two distinct hearts. Distinct respiratory 
organs, which usually have tlie form of lamella (as the name 
of the class implies), are found in all LameUibranchiata, and 
are situated upon each side of the body, in a chamber which 
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extends between the foot and tlie mantle lobes in front, and 
between the mantle lobes posteriorly (Fig. 14), The branchial 
organs miij consist of distinct filaments, or of plates composed 
of tubular rods supportinji; a network of blood-vessels, and 
covered with cilia, by the action of wliieli they are constantly 
bathed by currents of water. 




Fig, H.—Anodati, vertical and 
afBojanui,' B, I'm 



The nervous system presents a no less distinct advance than 
the other organs. All LamelHbranchs possess at least three 
pairs of principal ganglia — a cerebral pair at the sides of the 
mouth, a pedal pair in the foot, and a third pair on the under 
surface of the posterior adductor muBcle, which are commonly 
callpd "branchial," but which, as they supply not only branchial, 
but visceral and pallial filaments, may more properly be termed 
" parieto-splanchnic." Three sets of commissural filaments con- 
nect the cerebral ganglia with one another, with the pedal, and 
with the parieto-splanchnic ganglia. The inter-cerebral com- 
missures BuiTOund the mouth, and tlie other two paire of corrJs 
extend respectively from the cerebral to the pedal, and fi'om 
the cerebrnl to the parieto-splanchnic ganglia. 

Finally, there is always, in these animals, an external shell, 
D 2 
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which is formed as an eicretion from the surface of the lobes of 
the mantle, and is composed of layers of animal matter hardenel 
by dejioait of carhonate of lime, which may or may not take » 
d(>6nite form, and so give rise to " prismatic " and " nacreons" 
stibgtance. As the lobes are right and left, so the valves of Hie 
shell are right and left, and differ altogether from the valves of 
the shell of the Braehiovod^i, which are anterior and posterior. 
The valves of the shell can he brought .together by adductor 
muscles. Of these one (Fig, 13, 11) always exists, posteriorly, 
on the neural side of the intestine. A second (Fig. Vd,I)i» 
commonly found anteriorly to the month, on the haamal side of 
the intestine. 



XII. The BRANCniOOASTEROPOnA. 

The hiatus between the present elaas and that just defined is 
considerable, though not quite so well marked as that between 
the Ascidians and the Lanidlthranohiaia. This group, whicli 
contains the ivhelks, periwinkles, sea^slugs, nr the MeteropoAa. 
PedinibraTKhicUa, Otfclobranchiata, Tectibranohiala, InfercAran- 
chiata, and Nudibranchiata, of Cuvier, consists of animals which, 
like the Laraellibranchs, possess (in their yonng state, at any 
rate) a mantle ; a foot, which is the chief organ of locomotion ; 
and three principal pairs of ganglia — cerebral, pedal, and 
parieto-Bplanchnic. When they are provided with a heart, 
which is usually the case, it is divided into aurienlar and ven* 
tricular chambers ; bnt the mantle, instead of being divided into 
two lateral lobes, is continuous round the body, and when it 
secretes a shell from its surface, that shell is either in a single 
piece, or the pieces are repeated from before backwards, and 
not on each side of the median line. The shell of a Branchio- 
gasteropod may, therefore, be univalve, — composed of a single 
conical piece, straight or coiled; or it may be multivalve — 
formed of a number of segments succeeding one another antero- 
posteriorly ; but it is never bivalve. 

Sometimes a shf lly, horny, or fibrous secretion takes place 
from the foot, giving rise to a structure resembling the byBeos 
of some Lameliibranchs ; it is the so-called " opereulum," whidi 
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serves to protect the animal when retracted into its gbell : but 
aa the operculum is developed from the foot and not from the 
mantle, it can obviously have no homology with the valves of 
either a Bradhiopod or a Lamellibra.uch. The Branchiogastero- 
poda (Fig, 15) commonly posse?a a I'isfinct bead, provided with 




Fig, 15.— Sactioiiofiiftinnle>belk[Su(JOHitim). The orgaua markal (and iirettmoTed 
from their proper places { theothcniHresefn in si'fu. o.nioulh; A.gullet; c.bwdjil, 
foot ; e, opeivulum ; /, fite part of (he miuide ; g, tli»t port wliii* InvesU Oie 
TiKwiil nines lodead within the iIkII j h, a gUni of iinlniown function coniieeted wirh 
the gullet) 1^ crop; k, Etomgch ; I, iulectiue; m, rrctoin ; n, heart; o, aperture of 
(he rtnal (.rgan ; r, mucous glnnd developed from Ihe weU of Ihe mantle eavitj; t, 
oviduct ; i, ralivary glnnd. The airowB indicate the pwilioD of the hiauchlo. The 
cerebral, pedal, and parieto^planchnlc ganglia, cioselj surround the gullet, and the 
latter neud offa long ganglionated cord towards the heait and bi-anohi*. 

a pair of tentacles and a single pair of eyes, loth of which are 
supplied with nerves from the cerebral ganglia. Cephalic eyes 
of this kind are not known in the LameUibranchiata. But the 
characters which most definitely distinguish the Branchiogmiero- 
poda are to be found in the alimentary canal. The cavity of 
the mouth is invariably provided with an organ which is usually, 
though not very properly, called the tongue, and which might 
more appropriately be deiiomiuated the " odontopbore." It 
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consists esBentially of a cartilaginoiis cushion, supporting, as on 
a pulley, an elastic strap, which bears a long series of trans- 
versely disposed teeth. The ends of the strap are connected 
with muscles attached to the upjwr and lower surface of the 
hinder extremities of the cartilaginous cushions; and these 
musclea, by their alternate contractions, cause the toothed strap 
to work, backwards and forwards, over the end of the pulley 
formed by its anterior end. The strap consequently acts, after 
the fashion of a chain-saw, upon any substance to which it is 
appKed, and the resulting wear and tear of its anterior teeth 
are made good by the incessant development of now teeth in 
the secreting sac in which the hinder end of the strap ia lodged. 
Besides the chain- saw-like motion of the strap, the odontophore 
may be capable of a licking or scraping action aa a whole. 

The other peculiarity of the alimentary canal of the Bran- 
chiogasleropoda is that it is always bent upon itselt!, at fli-st, not 
to the neural, but to the hiemal, or heart side of the body — the 
rectum very commonly opening into the mantle cavity, above 
the cephalic portion of the body. 

In most Branchiogaderopoda the foot is a broad, flat, mus- 
cular body, without any distinct division of parts ; but in some 
forms, such as the Heteropoda of Cnvier, it is divided into three 
very well-marked portions — an anterior, a middle, and a pos- 
terior, which are termed respectively the propodiutn, ineso^po- 
dium, and melajpodium ; while the Aplysim, in which the foot 
proper has the ordinary composition, exhibit processes from the 
lateral and upper surfaces of that organ, having the form of 
great muscular lobes, which serve as a sort of aquatic wings to 
some species, and are termed epipodia. 

The Branchiogaslerofoda are such of the Gasteropoda of 
Cuvier as breathe water either by means of the thin wall of the 
mantle cavity (Atlanta, e.g.), or by special pallial branchiae 
{Pectinihranehiata, Teotibranekiata, &c.), or by certain parts of 
the integument of the body (Xudikranchiata) more or less 
specially modified. 
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XIII. The PoLMoaASTEROPODA. 

These are the Pulmonate Gasteropoda of Cuvif r, or tbe snaila 
aud slugs, which agree with the Braitchioffasteropoda. in the 
general charactera of their body, mantle, nervous and respira- 
tory systems, and in ^lossessing an odontophore ; but differ from 
them, not only in breathing lu'r by means of tbe thin lining of 
tbe pallial chamber, but, as I believe, by the direction of the 
flexure of their intestine, A careful dissection of a common 
snail, for example (Fig. 16), will prove that, though the anus is 

Fig. 16. 




Diagram aihibiting tliB dispoaitioD of tbe iuteBticc, neiTOUS syBtcm, Ac, Id h 
ion snail (^Helix). a, moiltb ; b, tiwtli ; o, odontophore ; d^ gullet ; e, ite dilate- 
nto a Boii of crop ; /, stomach ; g, coiled ttrmioatian of tlia vifceral hieub J the 
is also dose to tbe commencemeDt of tbe iaUstioc, nhich will be seen to lie 
mier the cesophugus. and not over it as ia the vrhelk ; h, I'ectum ; i, anuB ; k, renal 
ac; (, beart; oi, Iqog, or moJiKed pallial obamber; n, its eitevnal apertnre; o, 
edge of the mitntle imiled witb the sMn of Ibe body; p, toot; r, cerebral, 
aoil [larieto-^plaiichnic ganglia aggregsteil round the gullet. 



letti 






situated in the same way as in the Branchiogasiero^da, on the 
dorsal or hsemal side of the body, the primary bend of the 
intestine is not to the hEemal, but to the neural side, tlie 
eventual termination of the intestine on the htemal side being 
the result of a second change in its direction. 

How far this neural flexure of the intestine really prevails 
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among the Pul inogasteropods is u (]uestion which must be 
decided by more exteuaive iDveatigationa than I have as yet 
been enahled to carry out. 



XIV. The Pterotoda. 

The members of this class are sraal), or even minute, mol- 
luscs; all marine ia habit, and for the most part pelagic, or 
swimmers at tlie surface of deep sea*. Like the two preeedin"' 
groups, they possess three principal pairs of ganglia; an odonto- 
phore ; a mantle, which ia not divi'led into two lobes, and which 
secretes a univalve shell, if any. But the propodium, mesopo- 
diiun, and metapodiiim are usually rudimentary, and locomotion 
is almost wholly effected by the epipodia, which are enoi-mously 
developed, and, in most of the genera, perform the office of 
aquatic wings still more efficiently than those of the Aplysim, 
Furthermore, the inte.^rtine is flexed towards the neural side of 
the body ; and the head, with the organs of sight, are usually 
quite rudimentary. I include in this group not only Criaeis, 
Cleodora, Hyalma, Pneumodennon, Ac, but also the aberrant 
genna I)enialiuTH.' 

XV. The Cephalopoda. 

This class compriaea the Ponlpes, the Cuttle-fishes, the 
Squids, and the pearly Nautilus; and it is definable by most 
marked and distinct charactera from all the preceding, though 
it resembles them in fundamental characters. Thus, the mantle 
is related to the body, as in Pteropoda, and Gad&ro^oda ; when 
an external shell exists it is composed of a single piece ; and the 
Cephalopoda have an odontnphore constructed upon just the 
same principle as that of the other classes. The nervous 
system, the foot, and the epipodia exhibit tlte same primary 
relations as in these groups, and there is a distinct head, with 
ordinarily well-developed oplic and olfactory organs. That 
which essentially characterises the Cephalopoda, in tact, is simply 
the manner in which, in the course of development, the margins 

* Dentalima resemblea the FUropoda in ita nidimontary head, tho ueliml flenue 
of its intestine, its epipidial lobea, and the chaiact«r of iia lai-vu. 
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of the foot proper and the epi|iodia become modified and change 
their relationa. The margins of the foot are produced into more 
or less numerous tentacular appendages, oi'ten provided with 
eingulurly construi^ted suckers, or aeetahulii ; and the antero- 




a remiUe Cqilinlopod (Sepia offcijutlia). i, Buccal n 

i bT the lips, aud Bhowing the lioriif jnws and tongue ; li, awplngua 

salivarj glanil ; (J,stoinach; e.pjloric pacuni ; f.the funnel ; j, !hi' int«tiue ; /., 



the 



anas; ^ the ink-bug; £, the place of (he iijrsteinic heart; /, tl 
duct of the Uil side; o, tie ovar; ; p, the oviduct; 7, one of the apeituiea bf which 
the utiial Bjetetn of watei'-chambors is placed in communication vilb the uterior ; 
r, one of the brnnchiie ; s, the prini-ipal ganglia aggregateii round the cesopbngas ; tn. 
the m^iiitle; ah, the internal hhell, or cutlle-bcne. 1, 2, 3, 4, 5, the produced and 
modified margins of the foot, couetituting the so-tslled "arms'' of the Sipia. 

lateral parts of each side of tlie foot extend forwards beyond the 
head, uniting with it and with one another; so that, at length, 
the mouth, from having been situated, as usual, above tho 
anterior margin of the foot, comes to be placed in tlie midst of 
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it. The two epipodia, on the other hand, unite posteriorly above 
the foot, and where they coalesce, give lise either to a folded 
muscular expansion, the edges of which are simply in apposition, 
as in Naviilus; or to an elongated flexible tube, the apex of 
which projects beyond the mai^in of the mantle (Fig. YJ,/), 
and is called the funnel or mjundtbulum, as in the dibranchiate 



The Cephalopoda present a vast number of the most interest- 
ing features, to which it would be necessary to devote much 
attention if we were studying all the organic peculiarities mani- 
fested by the class ; but it is in the characters of foot and of tte 
epipodium that the definition of the class must be chiefly sought. 
In addition, the flexure of tlie intestine is, in all Cephalopoda, 
neural ; and the mouth is always provided with a homy or more 
or less calcified beak, like that of a parrot, composed of two 
curved i>ieces, which move in the median antero-postorior plane 
of the body ; and one of which, that on the neural side, is always 
longer than the other. 

XVT. The Echinodermata, 

The star-fishes, sea-urcLinis, sea-cucumbers, trepangs, and 
feather-stars — known technically as Aeteridea, Echinidea, Holo- 
thuridea, Ophiuridea, Grinoidea, &c., are marine animals which 
differ vastly in external appearance, though they all, in the 
adult state, present a more or less definitely radiate arrange- 
ment of some parts of their organization. 

That which most remarkably distinguishes the Echinoder- 
mata is the nature of the embryo, and the strange character of 
the process by which the adult form is originated by a secondary 
development within that embryo. 

In the great majority* of the Echinodermata, the develop- 
ment of which has bet^n examined, the impregnated egg gives 
rise to a free-swimming, ovoid, ciliated embryo, the cilia of 

• laOphiidepit»quamalaa.ad£chinaiiterei?pimlia,i\ui lai-vn appears to attaiu 
oiiljnvorjimpcrfeot state of development iicfore the appemanue of the mln'nodcrm 
budj ; anil careful ro-Exoinmatioii ia required to deoide bow far tlio latvie of tbeoe 
aniDudfl are tiuly bilaterally syiumotiical. 
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which BOOH become lestrieted to, and, at the same time, largely 
developed upon, one, two, or more bands, which are disposed 
either transversely, or more or less oblic^uely to the longitudinal 
axia of the body, but which are, in any case, bilaterally sym- 
metrical (Fig. 18). 




'. 18. — Diflfrram eihi 
(atterMiUler).— A. 
Kohinid (C, C) lar.a! are den 
Asterid (iip,-™^™) Uivs. 
0, Ciliated bandp e \ Second 



geneiHl plan of the developraeut of Ibe Echinoderui 

foi-m whence the Holothui-id (B, B') aod Ophiuiid o 

ved. D, IV. VouQger mid more advanced sb^es of th 

''i- 6. Stomach, c, Intrstiue. d. Aau 



The parts of the body which carry the ciliated band, or 
bands, often become developed into processes, which correspond 
upon each aide of the body, and thus render its bilateral sym- 
metry more marked (Fig. 18, C, D'}. And, in the larvae of 
some Eckinidea and Ophmridea, other bilaterally symmetrical 
pi-ocesses are developed from parts of the body which do not lie 
in the course of the ciliated bands. 

The Isrvfe of Asteridea and Holothtmdea ase devoid of any 
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continuoua skeleton, but those of Ophiundea aud Eeldnidea 
poBsess a very remarkable biluterally symmetrical, continuous, 
calcareous Bkeleton, which extends into, and supports the pro- 
cesses of the body (Fig. 21). 

A distinctly defined alimentary canal early makes its ap- 
pearance in these Echinoderm larvse. It is divided into a well- 
marked oral and oesophageal portion, a globular stomach, and a 
Bhoit intestine terminating in an anal aperture (Figs. 18 and 19). 
All the parts of the alimentary canal are disposed in a longi- 
tudinal and vertical plane, dividing the larval body into two 
f-ymmetrieal halves ; but the cesophageal and intestinal portions 
are so disposed as to make an angle, open towards the ventral 
side, with one another. No nervous, or other organs, besides 
those indicated, have as yet been discovered in these larvJE. 




Z. 19. — A joang Js(«rirf Inira (after UUlIer) — A. Venlisl. B. Latsia] view of llM 
lim. C Ciiminrncmg iiidimeDt of the stBiiinh, a. Moutli. b. (Esoptiagiii, 
c. Stoinacb c' Iut«Btiae o Aiiub x Anteiior, and y, princJpsl dliati4 buid. 
h. Cs«d diTerticutum, fbiming the rudimeat of Uie ambulacnil vaacnlar fjatem, ud 
opfniMg eilBLTinlly by Ihe porp, g k' Perlsoma of the slarfiBh, 
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Rg. 21. 






Fig. 21. — ^Developmoit of an EohitUd larra (after MuUer). — A, eariifst, aod B, later 
condition of larra. C. The Echinid imigo dereloped within and nearly obliterating 
the larva. 

After swimming about in this condition for a while, the 
larva begins to show the first signs of those changes by which 
it is converted into the adult Echinoderm. An involution of 
the integument takes place upon one side of the dorsal region 
of the body, so as to give rise to a caecal tube, which gradually 
elongates inwards, and eventually reaches a mass of formative 
matter, or blastema, aggregated upon one side of the stomach. 
Within this, the end of the tube becomes converted into a 
circular vessel, from which trunks pass off, radially, through the 
enlarging blastema. The latter, gradually expanding, gives rise 
in the Eohinidea, the Aderidea, the Ophiuridea, and the Crinoidea, 
to the body-wall of the adult ; the larval body and skeleton 
(when the latter exists), with more or less of the primitive 
intestine, being either cast off as a whole, or disappearing, or 
becoming incoiporated with the secondary development, while 
a new mouth i& developed in the centre of the ring formed by 
the circular vessel. The vessels which radiate from the latter 
give off diverticula to communicate with the cavities of nu- 
merous processes of the body — the so-called feet — which are 
the chief locomotive organs of the adult. The radiating and 
circular yessels, with all their appendages, constitute what i» 
known as the ^ambulacral system;'' and, in Asterids and 
Echinids, this remarkable system of vessels remains in commu- 
nication with the exterior of the body by canals, connected with 
perforated poriiaiis of the external skeleton — ^the so-callerl 
^^madreporiccanak'' awl ^tobercle*/' In Ophiorids the per- 
sistence of aoy imch easomonieatiai] of the ambalaeral Bjtfiem 
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with the exterior ia doubtful, aud still more so in Crinoids. In 
Holothurids no aiieh commmiication obtains, the madreporic 
canals and their tubercles depending freely from the circular 
canal into the perivisceral cavity. 

Whether the larva possessed a skeleton or not, the adult 
Echinoderm presents a calcareous framework which is developed 
quite independently of that of the larva. This skeleton may 
be composed of mere detached apictila, or plates, as in the Holo- 
thurids; or of definitely disposed ossicula, or regular plates, as 
in other Echinoderms, In the latter case its parts are alwaya 
disposed with a certain reference to the disposition of the 
ambolacral system, and hence have a more or less distinctly 
radiate arrangement. It might be expected, in fact, that the 
arrangement of the organs of support should follow more or 
less closely that of the chief organs of movement of the adult 
Ecliinodcrm, and it ia not surprising to find the nervoua system 
similarly related. It is, in all adult Echinoderms, a ring-like, 
or polygonal, ganglionated cord, situated superficially to that 
part of the ambulacral system which surrounds the month, and 
sending prolongations parallel with, and superficial to, the 
radiating ambulacral trunks. 

The reproductive organs of the Echinoderms, which usnally 
open upon, or between, parts of the radially disposed skeleton, 
commonly partake of the radial symmetry of that skeleton; but 
they have no such radial symmetry in the Sohthuridea. 

The aiimentaiy canal of the adult Echinoderm is still lesa 
dependent upon the skeleton, and only in- one group, the 
Asteridea, exhibits anything approaching a radiate disposition. 
Where skeletal elements are developed around the month or 
gullet, however, they have a radial disposition; as, e. g., the 
parts of the so-called " lantern of Aristotle." 

The vascular system which exista in many, if not all, adult 
Echinoderms, but the true nature of which is by no meana 
understood at present, is cloeely related both to the alimentary 
and to the ambulacral systems, and partakes of (he disposition 
of both. 

No Echinoderm whatsoever has its organs, internal or ex- 
ternal, disposed with that absolute and perfect radial symmetry- 
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which is exhibited by a Msdiiaa, tha tendency towards that kind 

of symmetry being always disturbed, either by the disposition of 
the alimentary canal, or by that of some part of tlie ambnlacral 
apparatos. Very often, as in the Spatangoid sea-urchins, and in 
many Rolothuridea, the ambnlacral and nervous systems alone 
exhibit traces of a radial arrangement ; and in the larval state, 
as we have seen, radial symmetry is totally absent, tlie young 
Echinoderm exhibiting as complete a bilateral symmetry as 
Annelids, or Insects, 



XVII. The Soolectda. 

Nothing can be more definite, it appears to me, than the 
class Echinoder^naia, the leading characteristics of which have 
just been enumerated ; but it is a very diiHcult matter to say 
whether the seven groups, some of considerable extent, which 
are maased under the present head, are rightly associated into 
one class, or should be divided into several. The seven groups 
to which I refer are the Boti/era (or Wheel-animalcules), the 
Turbellaria, the Trematoda (or flukes), the Tseniada (or tape- 
worms), the Ne>nat<yidea (or threadworms), the AcantJwcephala, 
and the Gordtaeea. Of these, five are composed of aniinals 
parasitic upon others; and exhibiting the anomalies of struo- 
ture and of development which might be expected from crea- 
tures living under such exceptional conditions. 

There is one peculiatity of organic structure which the first 
four of theso groups certainly have in common ; they all present 
what is termed the " water- vascular system," — a remarkable set 
of vessels which communicate with the exterior by means of 
one, or more, apertures situated upon the surface of the body, 
and brancli out, more or less extensively, into its substance. 

In the Roii/era the external apertm'e of the watei-- vascular 
system is single, and situated at the hinder end of the body ; 
it communicates with a large, rhythmically contractile, sac, 
whence two trunks proceed, which usually give off short lateral 
branches, and terminate in the ciliated " trochal disk " of the 
Kotifer, in the middle of which it^ mouth is placed. Both the 
lateral offshoots and the terminal branches contain vibratiln 
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cilia. The Tit'iiiatotle find Tfenioid worms have a similar, bat 
usually mncli more ramified apparatus; and it is interesting to 
observe that, in these animnls, as in llie Aspido^aster conchicola 
(Fig. 22), the water-vascular system becomes divided into two 




Pig. as.— A, Wntei'-i'iiMulfti' b; 
b, liitpml ounlrnctilir T««le 
d, dilBtatioD of Ihia trunk 



of Aspidofjaster conchicola ; a^ 
c, lateral ciliiited trunks, tJiat of the lefl siile Bha'ded ; 
B, due of the lai^f r, and C, one of the amnller, ciliated 



distinct portions, one with contractile and non-dliated walls, 
the other with non-contractile and ciliated walls. In some 
TurheUaria the apertures of the water-vascular apparatus are 
multiple ; while it would seem that in others, as the Nemeriidse, 
the apparatus becomes shut externally in the adult state, and 
consists mainly, if not exclusively, of contractile vessels. The 
difficulties of observation are here, however, rery great, and 
I would be understood to express this opinion with all due 
caution. 

In none of these animals has any other set of vessels than 
those which appertain to the water-vascular system (if I am 
right in my view of the vessels of the Neniertid^) been ob- 
served, nor lias any trace of a trae heart been noticed. The 
nervous system consists of one, or two, closely approximated 



This sum of common characters appears to me to demand 
the union of the Roiifera, TurbeUaria, Trematoda, and T^niada 
into one great assemblage. Ought the Hematoid worms to be 
grouped with them ? If the system of canals, in some cases 
contractile, which open externally near the anterior part of J 
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the body (Fig. 23), and were originally observed by Von 
Biebol ], and since by myself and othera, are to be regarded as 
homologous with the water-vessels of the Trematoda, this ques- 
tion must, I think, be answered in the affirmative. It is almost 
the only syetem of organs in the Nematoidea which gives ua a 
definite zoological criterion, the condition of the nervous system 
in these animals bemg still, notwithstanding the many inquiries 
which have been made into the subject, a matter of great 
doubt 




Fig. 23. — Oxyuris. — a. Moulh. i. PhHryni. , . . .. 

ttnainalloii ; the inttrmcdiate poitioa is Dot figured, e. GeniUl uperture. /. OpcQ- 
iDg of vesEcb. g. Their receptacle, h. One of the vtaaeSs. i. Cellular matter 
eaielojiing them. A portion of one of the cuiitractile reHSnls in represented above, 
more highlj maguitied. 

In habit and feature, the Qordiacea, fililbrm parasites which 
inhabit the bodies of insects, and leave their hosts only to breed, 
resemble the Nematotdea so much that there can be no doubt 
that their systematic place muBt be close to that of the latter. 

The structure of the AcanthocephcUa, comprising the formid- 
able Echinorhynchus (Fig. 24) and its allies, is pretty clearly 
made out. They are vermiform parasites, like the Tmniada, 
devoid of any mouth or alimentary canal, but provided with a 
proboscis arme<l with recurved hooks. The proboscis is sup- 
ported within by a sort of rod-like handle, whence a cord is 
continued, to which the reproductive orgaua are attached. A 
single ganglion is seated in the " handle " of the proboscis. 
Immediately beneath the integument lies b. ' 
canals containing a clear fluid, and *' 
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vlut theae oia ocoreipood if not with • 
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rif. 34.— Hm JWHrlywAw ot th* FlmidMr.— i. Dhmm 

psdtiMt of thcwpw. 0. PniboMii. I. Hi ilMk a. AitMtir > 
W «. PHtarldr "hmL" /. Hm*. g. UmImo*. Jk Smri 
kr hnk k. bMor aunobi of (b* proboMb. I, m. CtaM 
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g, Bn^ouotfiiin of du gnltalla. C. Put of O* : 
a. OrtTf, b b. Duda lending from araiy to nt«nu ("pimnhliiiito F), 

ofoTidnct^ d,e. UUroi sod Tagias. 

;-\* * XVIII. The Annelida. 

iiA^ This is a class of large extent, containing the 

^earthworm, the Sipuncvlui, the lobworm, the see 

PdynoS (Fig. 25), the Ser^a, and the Spirorbis. 

All the members of tliis class possess a nerve 
which consists of a longitudinal series of ganglia, siti 
one side of the body, and is traTersed anterioi 
oesophagus ; the pne-oesophageal, or so-called " cerebri 

* The inveatigations of Leuckart, while the; demonstrate still m 
elnae affinity which exiBta bctwoen the Acaiithocephala and the 
proving the adult wonn to arise hyBeoundar; growth witLin a hoot 
the fonner case as in the latter — leave some doubt upon the nataie 
lated canals. According to Lenokart, they are the renmios of the 
primitiTely lies between the wall of the embryo aud the cnntained ri 
adnlt Aoanthooephalan body. 
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I being connectetl by litteral commissural cords with the poat- 
oeaophageal ganglia, 

■| In many of these animals the body is divided into segments, 

each of which corresponds with a single pair of ganglia of the 
chain, and each of these segments may be provided with a pair 
of lateral appendages ; but the appendages are never articulated ; 
and are never so modified, as to be converted into masticatory 
organs, in the cephalic region of the body. 

No Annelid ever poaseaaes a heart comparable to the heart 

I of a Crustacean, or Insect; but a system of vessels, with more 
or less extensively contractile walls, containing a clear duid, 
usually red or green in colour, and, in some rare casea only, 
corpnsculated, is very generally developed, and sends pi'o- 
longatiooa into the respiratory organs, where such exist. This 
has been termed the "psendo-hfemal " system; and I have 

L Fig. 25 
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Fig, 25. — Po/jrtioF niaamah 

A . Viewed Irom abors iitid onlareed. a, b. F«ler« r I c H t n f .'~pacn I 

letween the two posterior elyt™. g. Seta Hnd fimbnte nf thi" eiyt 

B. Postfilor extremity, inferior view, the appendages of the left s da te ng omitli 

h. Inferior tubri'cle. 

C. Stction of hall' a eomite with elytron, i. Notopod urn * Nbu opo i um 

D. SKtionoflulfBEoiiutemthcimH. 
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thought it probable that tlieae '■ paoudo-haamal " vessels are 
extreme modifications of organs homologous with the water- 
veffiiels of the Scolectda. As M. de Quatrefages has clearly 
bHowh, it is the perivisceral cavity with its contents that, in 
these ammals, answers to the true blood-system of the Oi'ustacea 
and losectB. 

The embryos of Annelids are very generally ciliated, and 
Pig. 26. vibratile cilia are commonly, if not universally, 
developed in some part or other of their organiza- 
tion. In both these respects they present a most 
marked contrast ta the succeeding classes. 



XIX. The Ch^toonatha. 

There is a very aberrant marine genus, 8a- 
gitta, the nearest affinities of which appear to be 
with the Atmelida, but which is so unlike them 
and every other group as to require a class for 
itself. 

The SagiU^ are elongated and tninaparent 
animals, with rounded heads and tapering caudal 
extremities, which do not usually attain much 
more than an inch in length. 
■ The liead is provided with several, usually six, 
sets of strong bilaterally symmetrical oral setse, 
two of which, long and claw-like, lie at the aides 
of the mouth ; while the other four sets are short, 
and lie on that part of the snout which is pro- 
duced in front of the oral aperture. The posterior 
part of the body is fringed on each side by a 
delicate striated fin-like memhrane, which seems 
to be an expansion of the cuticle. In some species 
Kig. iG.—Sag\ita j^jg \,q^y Jg beset with fine seta3. The intestine 

bipaaotida, leeu . , -^ ,. - 

from below, a, the IS a Simple, Straight tuue, extending from the 
BDd appendisM™ ™o'i'^ totlieauus; the latter ope US on the ventral 
6, the anus; <:, surface, just ID front of the hinder extremity. A 
terticuS'rham- single oval gaugliou lies in the abdomen, and 
^"- sends, forwards and backwards, two piiirs of lateral 
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cords. The nuterior cortis unite in front of and above the 
mouth, into a liexagonal ganglion. This gives off two branches 
which dilate at their extremiliea into the spheroidal ganglia, on 
which the darkly pigmented imperfect eyes rest. The ovaries, 
saccular organs, lie on each side of the intestine and open on 
either side of the vent ; ree&ptacula semintB are present. Be- 
hind the ftnua, the cavity of the tapering caudal part of the 
body is paititioned into two compartments ; on tlie lateral 
parietes of these, cellular masses are developed which become 
detached, and floating freely in the compartment, develope 
into spermatozoa. Tliese escape by spout-like lateral ducts, 
the dilated bases of which perform the part of vesiculx semin- 
ales. The embryos are not ciliated, and undergo no meta- 
morphosis. 



XX. The Ckustacba. 

In this class (Fig, 27), the body is distinguishable into a 
variable number of "somites," or definite segments, each of 
which may be, and some of which always are, provided with a 
single pair of articulated appendages. The latter proposition is 
true of all existing Crustacea : whetter it also held good of the 
long extinct Trilobites, is a question which we have no means of 
deciding. In most Crustacea, anil, probably in all, one or more 
pairs of appendages are so modified as to subserve manducation. 
A pair of ganglia is primitively developed in each somite, and 
the gullet passes between two successive pairs of ganglia, as in 
the Annelida. 

No trace of a water-vascular system, nor of any vascular 
system similar to that of the Antielida, is to be found in any 
Crustacean. All Crustacea which possess definite respiratory 
organs have branchiw, or outward processes of the wall of the 
body, adapted for respiring air by means of water ; the terres- 
trial Isopoda, some of which exhibit a curious rudimentary 
representation of a tracheal system, forming no real exception 
to this rule. When they are provided with a circulatory organ, 
it ia situated on the opposite side of the alimentary canal 
to the principal chain of ganglia of the nervous system ; and 
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XXI. The Aha.chnida. 

It is this extreme elasticity, if I may so speak, of the 
crustacean type which renders the coiiBtruction of any defini- 
tion of the Crustacea, which shall include all its members and 
exclude the present class, bo difSeult. For the Spiders, 
Scorpions, Mites, and Ticlte, which constitute this class, possess 
all the characters which have been just stated to be common to 




section of a Scorpion, the locomotiTe memters being out BW117. 
a, Mouth leading into the phaiyngeal pump. The large labmin li« above the mouth, 
and at the nde of it an the bases of the )iiige chels, or mandibles, iy., and above 
them the chelicene, or flnleunie. Vi, to si. SomlteB of the bod)'. T.Telson; 6,intea- 
Line; c, anug] d, indicfltra the position of the heart. «, the pulmoinry sacs; /, a 
line indicaliug the portion of the gangEionio chain ; g, the Gei'ehTaL ganglia. 
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the Crustacea save one ; when they are proyided with distinct 
respiratory organs, in fact, these are not external branchite, 
adapted for breathing aerated water, but are a sort of involution 
of the integument in the form of tracheal tubes, or pulmonary 
sacs, fitted for the breathing of air directly. But then many of 
the lower Arachnida, like the lower Crustacea, are devoid of 
special respiratory organs, and so the diagnostic character fails 
to be of service. 

The following common characters of the Araehnida, how- 
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ever, help out our diagnosis in practice. They never possess 
more than four pairs of locomotive limbs, und the somiteB of 
the abdomen, even when the latter is well developed, are not 
provided with limbs. Again, in the higher Arachnida (Fig. 28), 
as in the higher CVusiwceo, the body is composed of twenty 
somites, six of which are allotted to tlie liead ; but, in the 
former class, one of tho two normal pairs of antennie is never 
developed, and the eyes are always sessile, while, in the highest 
Crustacea, the eyes are mounted upon moveable pedimcles, and 
both pairs of antennie are developed. 

XXII. The Myriapoda. 

The Ceutipedes and Millipedes (Fig. 29) have the cbitinous 
integument of the body divided into somites, provided with 




Fig. 29.— Anterior part of Ihe body of Scolopendra Sepei {aftpi- Newport).— A, Anterior 
part of the bod)" from above; B, from below; a, htad proiier; B, anterior tbondc 
«omilea; a.aaunnai; C, antinoa.lBbtuio, and mandibles (iv) from below ; D, nnder 
view oFhead, with the two paiis of maxillie (v' vi") cotering the foregoiug. 

articulated appendages; and nervous and circulatory organs 
constructed upon a similar plan to those of the former groups. 
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The body consists of more than twenty somites, and those which 
correspond with the fibdomen of Arachnida ai-e provided with 
locomotive limbs. 
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Tlie head consistB of at least five, and probably of six, eoar- 
IcBceut ami modified somites, and some of the anterior segmenta 
of tlie body are, in many genera, coalescent, and have their 
appendages specially modified to subserve prehension. The 
respiratory organs ate trachece, which open by stigmata upon 
the surface of the body, and the walla of which are strengthened 
by chitin, so disposed as readily to pull out into a spirally coiled 
filament. 

XXIII. The Insegta. 

In this enormous assemblage of auimals the respiratory 
organs are like those of the Myriapoda, with a nervous and a 
circulatory system disposed essentially as in this and the two 
preceding claseea. But the total number of somites of the body 
never exceeds twenty. Of these five certainly, and sis pro- 
bably, constitute the head, which ptBsesaes a pair of antennae, a 
pair of mandibles, and two pairs of masillsB ; the hinder pair of 
which are coalesceut, and form the organ called the " labium." 

Three, or perhaps, in some cases, more, somites unite and 
become specially modified to form the thorax, to which the 
three pairs of locomotive limbs, characteristic of perfect insects,* 
are attached. 

Two additional pairs of locomotive organs — ^the wings — are 
developed, in most insects, from the tergal walls of the second 
and third thoracic somites. No locomotive limbs are eTcr 
developed from the abdomen of the adult insect, but the ventral 
portions of the abdominal somites, from the eighth backwards, 
are often metamorphosed into appnratuses ancillary to the 
generative lunction (Figs. 30 and 31). 

* TliQ fomale Sli/lops is slated to possess no thoracic limbs. 
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CHAPTER m. 

THE CHAHACTEH8 OF THE CLASSES OF THE VEETEBRATA. 

The five groups of animals which pass under the name of 
VertArala — ^the classes Pisces, Amjihihia, BepiiVui, Aves, and 
Mammalia — are obviously united and bound together by many 
comraou characteristics, and are well kuown to be so conuected. 
In order to eeonomiae time and space, therefore, I shall preface 
my account of the character of these classes by enumerating 
the most important of those structural peculiarities wliich these 
five great divisions exhibit in common. 

In the animals to which our attention has hitherto been 
confined, the external, or integumentary and parietal, portion 
of the blastoderm never becomes developed into more than a 
single saccular, or tubular, investment, which incloses all the 
viscera. So that if we make a transverse section of any one of 
these animals endowed with a BufHcieutly high organization 
to possess a nervous system and a heart, that section may be 
represented diagrammaticaUy as in Fig. 32 (1.) where P repre- 
sents the parietes or wall of the body, A the alimentary canal, H 
the heart, and N tlie nervous centres. It will be observed that 
the alimentary canal is in the middle, the principal centres of 
the nervous system upon one side of it, and the heart upon the 
other. In none of these animals, again, would you discover, in 
the embryonic state, any partition, formed by the original ex- 
ternal parietes of the body, between the nervous centres and the 
alimentary canal. 

But, in the five vcilebrato classes, the parietal portion of the 
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blastoderm of tlie embryo always becomes raised up, npon each 
side of the middle line, into a ridge, so that a long groove is 




Fig, 32. — DiggrHDia r^prCHHting genemlisfd sMtioDa of one dI llie highei- Invertebiatn 
(1. 11.), BiHl of a VeiiebraW (HI. IV.); I. 111. transv»ree, 11. IV, liingitudtnal sec- 
tion. A, aJImentarf canal ; H, bmrt ; F, pirietea of the bo>1j : V, parietes of iJie 
Mural c&nal; N, nervona cent]'M of Invertfbrate ; K', syniputhetic, and M^, cerabro- 
apinal centres of Vertebrate ; cA, natochord; H, moDtb. 

formed between the parallel ridges thus developed; and the 
margins of these, eventually uniting with one another, constitate 
a second tube parallel with the first, by a modification of the 
inner walls of which the vertebrate cerebrospinal nervous 
centres are developed. Hence it follows that, after any verte- 
brated animal has passed through the very earliest stages of its 
development, it is not a single, but a double tube, and the two 
tubes are separated by a partition which was, primitively, a part 
of the external parietes of (he body, but which now lies, in a 
central position, between the cerebro-spinal nervous centres and 
the alimentary canal. Hence, a transverse section of any verte- 
brated animal may be represented diagrammatically by Fig. 32 
(III.), where, for the most part, the letters have the same signifi- 
cation as in the foregoing case, hut where P denotes the second, 
or cerebro-spinal, tube. The visceral tube (P) contains, as in 
the case of the invertebrate animal, the alimentary canal, the 
heart, and certain nervous centres, belonging to the so-called 
synipathetie system. This nervous systeiti and the heart are 
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situated upon opposite aides of the alimentary canal, the sympa- 
thetic corresponding in position and in forming a double chain 
of ganglia, with the chief nervous centres of the invertebrate ; 60 
that the cerebro-spinal tube appears to be a super-addition, — a 
something not represented in the invertebrate series. The 
formation of the cerebro-spinal tube of vertebrates, in the 
manner which I have described to you, is a well-established 
fact ; nor do I entertain any doubt that the cerebro-spinal 
centres, viz., the brain and the spinal cord of vertebrates, are the 
result of a modification of that serous layer of the germ which 
is continuous elsewhere with the epidermis. I have taken some 
pains to verify the remarkable discoveries of Remak in relation 
to this point, and, so far as the ehiclt is concerned, his state- 
ments appeared to me to be fully borne out. But, as Von 
Baer long ago suggested, it is a necessary result of these facts 
that there can be no comparison between the cerebro-spinal 
nervous centres of the Verlabrata and the ganglionaled nervous 
centres of the Inveriehrata, and the homologues of the latter 
must probably be sought in the sympathetic. 

Doubtless in close connection with this profound difference 
between the chief nervous centres of the vertebrate and the 
invertebrate is another remarkable structural contrast. In all 
the higher invertebi-ates, with a well- developed nervous system, 
the latter is perforated by the gullet, so that the mouth is 
situated upon the same side of the body as the principal masses 
of the nervous system, and some of the ganglia of the latter lie 
in front of, and others behind, the cesophagus. A longitudinal 
vertical section of such an animal, therefore, may be represented 
by Fig. 32 (n.). 

A similar section of a vertebrated animal shows, on the con- 
trary, the chief centre of the nervous system not to be perforated 
by the cesoph^us ; the latter turning away from it and opening 
upon the opposite side of the body (Fig. 32, IV.). 

Another structure sharply distinctive of the vertebrate 
classes is the chorda dorsalis or notoehord, an organ of which 
no trace has yet been discovered in any of the inverte- 
brates, though it invariably exists, in early embryonic life at 
least, in every vertebrate. Before tlie cerebro-spinal canal is 
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complete, in fiact, the stibetance of the centre of ite floor, beneau 
the primitive median line of the embryo, becomes differentiated 
into a rod-like cellnlar stracture, which tapers to both its ex- 
tremities; and, in a histological sense, remains eomparatiyely 
stationary, while the adjacent embryonic tisanes are undergoing 
the most rapid and varied metamorphoses. 

To these great differences between vertebrates and in- 
vertebrates, in their early condition, many others might be 
added. In all Veriebraia that part of the wall of the body 
which Uea at the sides of, and immediately behind the mouth, 
exhibits a series of thickenings parallel with one another and 
transverse to the axis of the body, which may be five, or more, 
in number, and are termed the " visceral arches." The inter- 
spaces between these arches becoming thinner and thinner, are 
at length perforated by corresponding clefts, which place the 
cavity of the pharynx in free communication with the exterior. 
Nothing correHpouding with these arches and clefts is known in 
the Invertehrata. 

A vertebratcd animal may be devoid of articulated limbs, 
and it never possesses more than two pair. These limbs always 
have an internal skeleton, to which the muscles moving the 
limbs are attached. Whenever an invertebrated animal possesses 
articulated limbs, the skeleton to which the muscles are at- 
tached is external, or is connected with an external body 
skeleton. 

When an invertebrated animal possesses organs of mastica- 
tion, these are either hard ptoduetions of the alimentary mucons 
membrane, or are raodiiied limbs. In the latter case there 
may be many pairs of them — numerous Crusiaeea, for example, 
have eight pairs of limbs devoted to this functiou. In no verte- 
brated animal, on the other hand, are limbs bo modified and 
fhnctionaUy applied, the jaws being always parts of the cephalic 
parietea specially metamorphoseii, and totally distinct in their 
nature from the limbs. All vertebrated animals, finally, possess 
a distinct vascular system, containing blood with suspended 
corpuscles of one kind, or of two, or even three, distinct kinds. 
In all, save one, there is a single valvular heart — the vessels of 
the exception, Amphwxue, possessing numerous contractile dila- 
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tations. All rertebrates possess a "hepatic portal system," the 
blood of the alimentary canal never being wholly returned 
directly to the heart by the ordinary veins, bat being more or 
leas largely collect&i into a trunk, the "portal vein," which 
ramifies through and supplies the liver, 

These are the most important characters by which the verte- 
brate classes are distinguished, as a whole, from the other classes 
of the animal kingdom ; and their number and importance go a 
long way to justify the step taken by Lamarck when he divided 
the animal kingdom into the two primary subdivisions of Verte- 
hraia and Jnveriehrata. 



V 



XXIV. The Pisces. 

If we seek now to construct definitions of the first two classes 
of the Verlebrata, Pisces and Amphibia, we shall meet with 
Bome difSoulties, arising partly from the wide variations ob- 
servable in the structure of fishes, and partly from the close 
affinity which exists between them and the Amphibia- 
No fiah exhibits any trace of that temporary appendage of 
the embryo of the higher vertebrates which is termed an amnion, 
nor can any fish be said to possess an allantois, though the 
urinary bladder of fishes may possibly be a rudiment of that 
stmctnre. The posterior visceral clefts and arches * of fishes 
persist throughout life, and are usually more numerous than in 
other vertebrates ; while upon, or in connection with, them are 
developed villi, or ]amel!i», which subserve the respiratory 
function. 

Median fins, formed by prolongations of the integument, 
supported by one or other kind of skeleton, are very character- 
istic of fishes ; and it is questionable if any fish exists altogether 
devoid of the system of median fin-rays and their supports, 
wbicb have been termed inter-spinous bones and cartilages. 
On the other band, no vertebrate animal, other than a flsb, ia 
known to possess them. 

When the limbs, or pectoral and I'entral fins, of fishes are 

e viaceral arcboa nnd 
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developed, they always exhibit a more or less complete fringe 
of fin-rays. No amphibian is known to possess such rays in its 
lateral appendages, but there is some reason to believe that the 
extinct lehthyosauria may liave been provided with them. 

In most fishes, the nasal sacs do not communicate directly 
with the cavity of the mouth, but the Myicinoids and Lepidosiren 
are exceptions to this rule. 

The blood-corpuscles of fishes are always nucleated, and are 
commonly red, but by a singular exception those of AmplUoxus 
(the Lancelet, which is an exception to most rules of piscine 
organization) are colourless. 

Almost all fishes have the heart divided into two chambers, 
one auricle and one ventricle ; but Amphioxus, as I have pre- 
viously stated, is devoid of any special heart, being provided 
instead with a number of conti'actile, vascular dilatations ; while 
Lepidosiren possesses two auricles, and, at the same time, is 
provided with true lungs. 

It is useless, therefore, to appeal to the olfactory organ, the 
blood, the heart, or the respiratory organs, for characters at once 
universally applicable to, and diagnostic of, fishes. 



XXV. The Amphibia. 

The Batracliians, Sal am androids, CieciliiB, and Labyrintho- 
donts resemble fishes, and differ from nil other vertebrates in 
the entire absence of an amnion, and in having only the urinary 
bladder to represent the allantois. They have red nucleated 
blood- corpuBcles. Yet again, they resemble fishes and differ 
from all other vertebrates in the fact that filaments exercising a 
respiratory function, or branchia*, are developed from their 
viscera] arches during a longer or shorter period. 

Some possess median fins, but these are not supported by 
fin-rays, and their limbs are never fringed with fin-rays. 

Furthermore, in all Amjohibia which possess limbs, the skele- 
ton of these limbs is divisible into parts which obviously corre- 
spond with those found in the higher vertebrates- That is to 
say, in the fore limbs there are cartilages, or bones, answering in 
their essential characters and arrangement to the humerus, radius 
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and ulna, carpus, metacarpus, and phalanges; and, in tlie liin<l 
limb, to tlie femur, tibia and fibula, tarsus, metatareiis, and pha^ 
langes of the higher vertebrates. Tliia is the case in do fish ; 
for, whether fishes possess parts corresponding with the humeruB, 
radius and ulna, Ac, or not, it is certain that the elements of 
their limb skeletons are very differently disposed from the 
arrangement which obtains in Amphibia and in higher verte- 
brates. 

In all Amfhibia the aiiull articulates with the spinal column 
by two condyles, and the basi- occipital remains unossifled. 

This is a character by which thu Amphibia are sharply dis- 
tinguished from tlie higher vertebrates. 



There is a striking conlrnat between the close affinity of the 
fish and the amphibian and the wide separation of the Amphibia 
from the succeeding classes, all of which possess, in the 
embryonic state, a well-developed amnion and allantois, the 
latter almost always taking on, directly or indirectly, a respi- 
ratory function. 

The amnion is a sac filled with fluid, which envelopes and 
shelters the embryo, during its slow assumption of the condition 
in which it is competent to breathe and receive food from with- 
out. The mode of its formation is shown in the accompanying 
figures of the early stages of development of the common fowL 
Fig. 33, A, represents the first step in the difierentiation of the 
embryo from the central portion of the blastoderm^ — that thin, 
membranous, cellular expansion which lies on the surface of the 
yelk where we see the cicatricula, or " tread." A well-defined, 
though shallow, straight groove, the " primitive groove," bounded 
at the sides by a slight elevatiorf of the blastoderm, indicating the 
position of the future longitudinal axis of the body of the chick. 
Soon, the lateral boundaries of this groove, in what ivill become 
the anterior region of the body, grow up into plates — the dorsal 
laminte (Fig- 33, B) ; and these dorsal laminse, at length 
uniting, inclose the futui-o cerebro-spinal cavity (Fig. 33, C, D), 
The blastoderm, beyond the region at which the dorsal laminte 
are developed, grows downwards to foi'ra the ventral laminae, and 
where the margins of these pass into thi! general blastoderm. 
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the onter, flerona. or epidermic, layer rises np into a fold, which 
encircles the whole embryo ; and the anterior and posterior parts 
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of this fold growing more rapidly than the lateral portions, form 
a kind of hood for the cephalic and caudal ends of the body 
respectively (Fig. 34, E). The margins of the hoods and of 
their lateral, continnatious at length meet over the middle line 
of the body, and there coalesce : so that the body is covered for 
a while by a double sac, the inner layer of which is formed by 
that wail of the fold of the serous layer which is infeiior, or 
nearest to the body of the embryo; while the outer layer is 
formed by that wall which is superior, or furthest from the body 
of the embryo. Tho outer layer eventnally disappears as a dis- 
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tlnct stnicture, while the inner remains as the amnion. From 
the mode of formation which has been described, it resiilfa that 
the amnion is a shnt sac., enveloping the body of the embryo ; 
and is contiauoiis, on the ventral side of the body, witli the in- 
t6!i;ument of a region which eventually becomes the nmbilicus 
(Fig. 34,]?). 

The allantois is developed much later than the amnion, 
neither from the seroas nor from the mucous (or epidermic and 
epithelial) layers of the germ, but from that intermediate stratum 
whence the bones, muscles, and vessels are evolved. It arises, 
as a solid mass, from the under part of the body of the embryo, 
beliiiid the primitive intestinal cavity ; and, enlarging, becomes 
a vesicle, which rapidly increases in size, envelopes the whole 
embryo, and, being abundantly supplied with arterial vessels 
from the aorta, serves as the great instniment of respiration 
during fcetal life; the porosity of the egg-shell allowing the 
allantoic blcMjd to exchange its excess of carbonic acid for 
oxygen by osmosis. 

The amnion and the exteraal part of the allantois are thrown 
off at birth. 

That which has just been stated respecting the development 
and characters of the amnion and allantois of the chick is tnie 
not only of all Birds, but of all BeptiUa. 

XXVL The RErriLiA, 

All embryonic REPTiLii are provided with an amnion and an 
allantois, like those just described in the fcetal fowl. In the 
embryonic state, also, they possess visceral arches and clefts, but 
no respiratory tufts are ever developed in the arches, nor are 
reptiles endowed with an apparatus for breathing the air dis- 
solved in water at any period of their existence. The skull of 
all EeptUia is articulated with the vertebral column by a single 
condyle, into which the ossified basi-occipital enters largely 
(Fig. 35). Each ramus of the lower jaw is composed of a number 
of pieces, and articulates with the skull, not directly, but by the 
intervention of a bone— the os quadratum — with which the 
hyoideaii apparatus is not immediately connected (Fig. 36). 



THE REPTILIA. 



The foro-liinl) of Reptiles never takes the form of a wing. 
sueii as is sten in Birds ; the " wing " of tlie remarkable estinct 








Hying reptiles, the Pierodaetyles, beiug constructed on a totally 
different principle from that of a bird. In no known reptile are 
tbe metatarsal and tarsal bones ankylosed into one bone, except, 
perhaps, in tbti extinct genus Gompsognaihus. 

In all Reptilia the greater and leaser circulations are directly 
connected togelher, witbin, or in tbe immediatn neighbourhood 
of, tbe heart; so that tbe aorta, which is formed by tbe union 
of two arches, contains a mixture of venous and arterial blood. 
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The blood is cold, and the majority of the blood-corpnscles are 
red, oval, and nucleated. Tlie bronchial tubes are not connected 
at the surface of the Innge witU teiininal saccular dilatatious, 
or air-sacs. When, as is ordinarily the case, the superficial 
layers of the epidermis of Keptiles are converted into horn, the 
corneous matter takes the tbrm of broad plates, or of overlapping 
scales, neither plates nor scales being developed within pouches 
of the integuuient. 



XXVII. The Aves. 

The class of Birds consists of animals so essentially similar 
to Reptiles in all the most essential features of their organiza- 
tion, that these animals may be said to be merely an extremely 
modified and aberrant Reptilian type. 

As I have already stated, they possess an amnion and a respi- 
ratory allantois, and the visceral arches never develop branchial 
appendages. The skull is articulated with the vertebral column 
by a single condyle, into which the ossified basi-occipital enters 
largely. Each ramus of the lower jaw, composed, as in 
Reptiles, of a number of pieces, is connected with the skull 
by an os quadratum, to which the hyoidean apparatus is not 
suspended. 

In no existing bird does the terminal division of the 
fore-limb possess more than two digits terminated by claws, 
and the metacarpal bones are commonly ankylosed together, 
so that the "manus" is of little use, save as a support for 
feathers. 

In the hind limb of all birds the distal tarsal bone and the 
metatarsal bones become more or less completely ankylosed 
together, so as to form a single osseous mass, the " tarso-meta- 
tarsus." 

The greater and lesser circulations of birds are completely 
separate, and there is only one aortic arch, the right. The right 
ventricle has a muscular valve. The blood is hot, hotter on the 
average than that of any other vertebrates, and the majority of 
the blood-eorpuaclea are oval, red, and nucleated. The bron- 
chial tubes open upon the surface of the lungs into air-sacfl. 
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which differ iu uumber and m deyelopmeot in different birds. 
Lastly, the integument of birds is always provided with homy 
appendages, which result from the conversion into horn of the 
cells of the outer layer of the epidermis. But the majority of 
these appendages, which are termed " feathers," do not take 
the form of mere plates developed upon the surface of the skin, 
but are evolved within sacs from tlie surfoces of conical papillae 
of the dermis. The external surface of the dermal papilla, 
whence a feather is to be developed, is provided upon its dorsal 
surface with a median groove, which becomes shallower towards 
the apex of the papilla. From this median groove lateral 
fun-ows proceed at an open angle, and passing round upon the 
under surface of the papilla, become shallower, until, in the 
middle line, opposite the dorsal median groove, they become 
obsolete. Minor grooves run at right angles to the lateral 
furrows. Hence the surface of the papilla has the character of 
a kind of mould, and if it were repeatedly dipped in such a 
subslance as a solution of gelatine, and withdrawn to cool until 
its whole surface was covered with an even coat of that sub- 
stance, it is clear that the gelatinous coat would be thickest at 
the basal or anterior end of the median groove, at the median 
ends of the lateral furrows, and at those ends of the minor 
grooves which open into them ; while it wonld be very thin at 
the apices of the median and lateral grooves, and between the 
ends of the minor grooves. If, therefore, the hollow cone of 
gelatine, removed from its mould, were stretched from within ; 
or if its thinnest parts became weak by drying; it would tend 
to give way, along the inferior median line, opposite the rod- 
like cast of the median groove and between the ends of the 
casts of the lateral furrows, as well as between each of the 
minor grooves, and the hollow cone would expand into a flat 
feather-like structure with a median shaft, as a "vane " formed 
of "barbs "and "barbules." In point of fact, in the develop- 
ment of a feather such a cast of the dermal papilla is formed, 
though not in gelatine, but in the homy epidermic layer 
developed upon the mould, and, as this is thrust outwards, it 
opens out in the manner just described. After a certain period 
of growth the papilla of the feather ceases to be grooved, and a 
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continuous horuy cylinder is formed, which constitutes the 
" quill." 



XXVIII. The Mammalia. 

All Jtainraala posseaa an. amnion of an essentially similar 
(Jiaracter to that of Birds and Ri?ptile8, and all have an allaii- 
toia. But the latter either ceases to exist after a very early 
period of foetal life, or else it is " placentiferoua," and serves as 
the means of intercommunication between the parent and the 
ofTspring. Of the nature and cbaractei-s of the " placenta " 
developed in the majority of the Mammalia I shall speak more 
particularly by ami by. For the present, I pass it over as a 
structure not universally characteristic of the elasa 
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The visceral arches are, throiigliout life, as completely 
devoid of branchial apiiendagea in Mammals, as in Birds and 
Beptiles. In the sknll, the hasi-occipital is well ossified, and, 
with the ex-occipitals, entera into the formation of the cranio- 
spinal articulation ; the occipital condyle thus formed, however, 
is not single, as in Reptiles and Birds, but double, and the atlas 
has corre8j)ondiiig articular facets. 

Each ramus of the lower jaw ia composed of only a single 
piece, and this articulates directly witli the squamosal bone of 
the skull, and not with the representative of the quadrate 
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bone. The tepreaentative of tlie quadrate bone of the lower 
Vert^rata is appropriated, us maMeus, to the seryice of the organs 
of hearing. 

Tlie brain poesesaes a corpiia cdhsum. 

The greater and lesaer circulntions of Mamiuala are aa com- 
pletely distinct as in Birds, and there ia but a single aortiu arch, 
the left. The majority .of the bIood-cor])U8i3les are red, free 
nuL-lei, and these are always discoidal, and usually cu-cnlar in 
form. The blood is hot. There is a complete diaphragm, and 
none of the bronchi end in air-aacs, like those of Uirda. 



Fig. 38. 




!5ome part or other ol the integument of ail Mammals 
exhibits hairs — horny modifications of the epidermis — which 
so far resemble feathers that they are developed u[ on papillie 
inclosed withm sacs but on the other hand differ irom tlie 
horny appendages of birds in not splitting up as they are pro- 
truded, in the fashion bo characteristic of feathers. 

Finally, all Mammals are provided with organs for tlie secre- 
tion of a fluid which subserves the nouriahment of the young 
after birth. The fluid is milk; the organs are the so-called 
" mammary" glanils, and may probably be regarded as an ex- 
treme modifieation of the cutaneous sebaeeoua glands. These 
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glands are aggregated into two or more masses, disposed upon 
each side of the median line of the ventral surface of the body ; 
and, in almost all Mammals, the aggregated ducts of each mass 
open upon an elevation of the skin common to all — the nipple 
or teat. To this the mouth of the newly-born Mammal is 
applied, and from it, either by suction on the part of the young, 
or by the compressive action of a special muscle on the part of 
the parent, the nutritive fluid makes its way into the stomach 
of the former. 
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ON THE AEllANGEMKNT OF THE CLASSES INTO LAEGER 
GROUPP, 

Having now arrived at the end of tha list of classea, and 
obtained a comprehension of the structural features common to, 
and characteristic of, each class, it will he proper next to discuss 
the relations of these classes one to another, and to inquire how 
far they present such common characters aa will enable ua to 
group them into larger divisions. 

And, to commence with the highest classes, it is clear that 
the Mammalia, Aves, and Beptilia are united together by certain 
very striking features of their development. All possess an 
amnion and an allantois, and are devoid, throughout life, of any 
apparatus for breathing the air which is dissolved in water. 
Thus they have been termed Abranchiate Vehtebbata, in 
contradiatinctioD to Pisces and Amphibia, which possess no 
amnion, nor allantois (ur at most a rudimeutary one), and, 
being always provided at a certain period, if not firougliout 
life, with branchiae, have been called Branchiate Vehtebrata. 

The Abranchiate, however, form a far less homogenous as- 
semblage tlian the branchiate Vertehrata — Mammals being so 
strongly separated from Reptiles and Birds that I am disposed 
to regard them as constituting one of three primary divisions, 
or provinces, of the Vertehrata. The structure of tlie occipital 
condyles, the structure and mode of articulation of the mandi- 
bular rami, the presence of mammary glands, and the non- 
nucleated red blood-corpuscles appear to separate Mammals as 
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widely from Birds and Reptiles as the latter are separated from 
AmphiUa aiul Fisliea. 

Thiia tlie classes of the Verfebrata are capable of being 
gronpeil into three provinces : (I,) the Ichthyopsida (coiu- 
prisiug PiaceB and Amphibia), defined by the presence of 
brancliito at some period of existence, the absence of an amnion, 
the absence, or rudimentary development, of the allantois, and 
blood-corimscles which are always nncleatfid ; (11.) the Satir- 
OPSIDA, comprising Repiilia and Aiies, defined by the absence 
of hranchiffl at all periods of existence, the presence of a well- 
developed amnion and allantois, a single occipital condyle, a 
complex mandibular ramus artienlated to the skull by a quad- 
rate bone, and nncleated red blood-corpuscles; and (IIL) the 
Mammalia, devoid of branch iie and provided with an amninu and 
an allantois, but with two occipital condylca and a well-developed 
liasi-ofcipital ; with a simple mandibular ramus articulated wiU: 
the sijuamosal and not with the quadratum; with mammai 
glands ; with red non-nucleated hlood-corpnscles ; and with i 
corpus callosum in the brain. 

These five chisses, whether divided into two or three [ 
vinces, again, present so many characters, abeady enumerated, ' 
by which they resemble one another, and differ from all other 
animals, that, by universal consent, they are admitted to form 
the group of Vertebbata, which takes its place as one of the ■ 
primary divisions or " sub-kingdoms " of the Animal Kingdoni.J 



The next four classes — Inseeta, Mpiapoda, Araehnida, ( 
tacea — without doubt also present so many characters in commoj 
as to form a very natural assemblage. All are provided witt? 
articulated limbs attached to a seguraented body-skeleton — the ' 
latter, like the skeleton of the limbs, being an " exoskeleton," 
or a hardening of tliat layer which corresponds with the outer 
part of the epidermis of Vertebrates, In all, at any rate in the 
embryonic condition, the nervous system is composed of a double 
chain of ganglia, united by longitudinal commissures, and the 
gullet passes between two of these commissures. No one of the 
members of these four classes is known to possess vibratile cilia. 
The great majority of these animals have a distinct heart, pro- 
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vided with valvular aperturee which are in comiminicatioii witli 
a perivisceral cavity containing corpusculated blood. But the 
Cirripedia and the Ostracoda among Crustaceans, and many of 
the Mites among Araehnida, have as yet yielded no trace of 
distinct circulatory organs, so that the nature of these organs 
cannot be taken as a universal cliaracter of the larger group we 
are seeking; still less can such a character be found in the 
respiratory organs, which vary widely in character, and are 
often totally absent as distinct etructiircs. A striking imiformity 
of eonipa''ition is to be found in the heails of, at any rate, the 
more highly organized members of these four classes, so that, 
typically, tlie head of a Crustacean, an Arachnid, a Myriapod, 
or an Insect is composed of six somites (or segments corre- 
sponding with those of the body) and their appendages, the 
latter being modified so as to serve the purpose of sensory and 
manducatory organs. I believe this doctrine to be substantially 
correct ; and that, leaving all hypothetical suppositions aside, 
the head of any animal belonging to these classes may be 
demonstrated to contain never fewer than four, and never more 
than six somites with their appendages ; but, until this view 
has received confirmation from other workers, I shall not 
venture to put forward any statement based upon it as part of 
the definition of the large group or " province " containing the 
four classes above mentioned, which has received from some 
natnralista the name of Abticttlata, from others that of 
Arthkopoda, the latter being perhaps the more distinctive and 
better appellation. 

The members of the class Annelida present marked differ- 
ences from all the Arihropoda, but resemble them in at least 
one important particular ; and that is, the arrangement of the 
nervous system, which constitutes a ganglionated double chain, 
traversed at one point by the cesophagus. In almost all other 
respects, Annelids differ widely from Arthropods. It may be 
doubted whether any Annelid is devoid of cilia in some part 
or other of its organization, and cilia constitute the most im- 
portant organs of locomotion in the embryos of many. No 
Annelid possesses a" heart communicating by valvular aper- 
tures with the perivisceral cavity, none have articulated limbs. 
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and none poBsess a head composed of even four modified 

SoiniteH. 

Moat Annelids are proyided with that peculiar system of 
ressels termed " paeudo-hiemal ;" but, in some, that system has 
not yet been discovered, 

In endeavouring to separate from among invertebrated 
animals a first large group, comparable to the Verlebrata, it 
appears to me that the resemblances between the Annelida, the 
Chcetoffnatha, and the Arthropoda outweigh the differences ; and 
that the characters of the nervous system and the frequently 
segmented body, with imperfect lateral appendages, of the former, 
necessitate their assemblage with the Arthropoda into one great 
division, or "sub-kingdom," of Anndlo.«a. 

But what of the Echinodermaia and the Scolecida ? Should 
both these great classes be also ranged under the Annulosa ; 
or do they belong to different sub-kingdoms ; or, if they belong 
to the same, should they constitute a sub-kingdom of their 
own? 

I will endeavour to reply to these questions in succession. 
Whether these two groups belong to the Annulosa or not, must 
depend upon whether tbey possess any characters in common 
with the Arthropoda and Annelida other than those which they 
have in common with all animals. I can find none of any 
great moment. No Echinodeim, or Scolecid, has a definitely 
segmented body or bilaterally disposed successive pairs of 
appendages. None of these animals has a longitudinal chain 
of ganglia. 

On the other hand, there is much resemblance between the 
ciliated larvae of some Scolecids and Echinoderms, and those of 
Annelids; and the form of the body of many Scolecids is so 
similar to that of one of tbo most familiar of Annelids, as to 
have earned for both theui and the Annelida the common title 
of " worma" Nor must it be forgotten that, in the Annelids 
there seem to be representatives of that singular system of 
TCBsels wliich attains so large a development as the " water- 
vascular" apparatus in many Scolecids, 

Whatever value may be attached to these resemblances it 
must, I think, be admitted that, in the present state of our 



THE ANNtTLOSA AHD ANNULOIDA. 



79 



i. 



knowledge, it is impossible to nffirm anything al>8iiltitely 
common to, and yet diagnostic of, all Annulosa and nil Echino- 
derms and Scolecids. On tlie otLer Iiiind, there ciin be no 
doubt as to the many and singnlar resemblances whicb unite 
the Scolecids and tbe Eehinoderras together. The nervons 
system of the Ecbinoderm may present considerable differences 
from that of a Trematode or Rotifer, but it must be recollected 
that the comparison ia not a fair one, seeing that the mouth 
and gnllet of an Echinoderm, round which its nervoua ganglia 
are arranged, are not, strictly speaking, the same as the parts 
so named in a Eotifer, but are new developments. 

And it is exactly in that anomalous method of development 
of the Echinoderm within its larva, which is so characteristic 
of the whole group of Echinodennaia, that this class exhibits its 
strong alliance with tbe Sodecida ; tbe TurbeUaria and T/eniada 
exhibiting tbe only approach to tbe method of Echinoderm 
developmpnt known in the Animal Kingdom. 

A singular larva studied by Johannes Miiller, in one of his 
many fruitful visits to the seashore, and termed by him 
Pilidiumt has furnished, in the bauds of subsequent observers 
(more especially Krobn, Leuckart, and Pagenstecher), ample 
proof that a Neinertes (a geni« of TurbeUaria) may be developed 
■ in a manner altogether similar to that in which an Echinodenn 
takes its origin. 

The Pilidium (Fig, 39) is a small, helmet^shaped larva, 
with a long flagellum attached like a plume to the summit of 
the helmet, the edges and side lobes of which are richly ciliated. 
A simple alimentary sac opens upon the under surface of the 
body between the lobes (Eig. 39, a). 

In this condition, the larva swims about freely ; but, after a 
while, a mass of formative matter appears upon one side of the 
alimentary canal, and, elongating gradually, takes on a worm- 
like figure. Eventually it grows round the alimentary canal, 
and, appropriating it, detaches itself irom the Pilidium as a 
Nemertid — provided with the characteristic proboscis, and the 
other organs of that group of TurbeUaria. 

Many Trematoda, and all Ta^nioid Scolecida, again, present 
an essentially similar process of internal gemmation, in virtue 
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siinilarity. Each is a system of canals, opening externally, and 
ciiiRted within ; and the circumstanee that the two apparatuses 
are turned to dilTerent purposes in two distinct groups of the 
animal kingdom, seems to me no more to militate against their 
homology, than the respiratory function of the limbs of the Phyl- 
lopod Cruetacea militates against the homology of these limbs 
with tlie purely locomotive appendages of other Crustaceans. 

Thns it appears that the Echinodermata and the Scohcida 
are so closely connected that they can by no means be placed 
in separate aub-kingdoms ; and, in the course of studying the 
other sub-kingdoms, it will be quite obvious that, unless they 
are to occupy an independent position, there is no place for 
them anywhere, save among the Annulosa. I have hitherto 
been accustomed te consider them, under the name of the 
Annuloida, as a division of this sub-kingdom ; hut until some 
structural character can be discovered by which all tlie 
Annvhida agree with the Annulosa, and differ from other 
animals, I am much inclined to think it would conduce to th<- 
formation of clear conceptions in zoology if the Annvhida 
were regarded as a distinct primary division of the Animal 
Kingdom. 

If we now turn to the other column of classes of invertebrate 
animals (p. 6), the last four on the list, viz.. Cephalopoda, 
Fieropoda, Pidmogasferopoda, and Branchiagastero^oda, have a 
Dumbtr of well-marked characters in common. In all, the 
nervous system is composed of three principal pairs of ganglia 
— cerebral, pedal, and parieto-aplanchnic — united by commis- 
sures. All possess that remarkable buccal apparatus, the 
odontophore,— whence I have ventured to propose the name of 
Odontopbora for the group. The circulatory and respiratory 
organs vary a great deal, but none are provided with double 
lamellar gills upon each side of the body. 

The LameUihranchiata stand in somewhat the same relation 
to the Odontophora as the Annelida to the Arthro^da. The 
Lamellibranchs have the three fundamental paii-s of ganglia of 
the Odontophora, but they possess no trace of the odont-ophore. 
Furthermore, they are all provided with bivalve external pallial 
shells, the valves being right and left in relation to the body. 
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fliM liiat'iinitiml iiIiumkn with tliu LameOihratidtiaim ■ 
f«/ifil'il I* nliiiiMi n« ({■'"ot ■>" '" t'l*^ innUlel case o( tk 
nii'l AiinnfiMtl Mlilln, <tn tlio other hand, the . 
)lrii"lii"|Hiilii, itml I'ldyuim nxhiliit many fleatorea in atm^^ 
'I'liiiN \\m iiorvmii Mynhmi Ih i;rGBtly simplified m ^ daae 
(ilnNM'i, i)"iiaiil.lii|(, 111 (tin Am^tdwida and PolyzoOf of* sh^ 
){nii|^[|i'ii. Hi'iiilliiLr |H>i'liii)iM Ik t'omiuiaHuml cord romMl t2ie gdfaL 
III lliit llfiK'/iiii/milit IliM ii|ili>r Knn);lia, wluch appear to faette 
h'iiiiii|[>|jMi>* lit ll)<> |iii<lul ^unK1iuo^ the higher moUidt^ aad 
art) iMiniiniitiiil liy n KlroiiniaiHoplitiKi^nl oord, are combjned vttfc 
HtHMiKMiry i[niij(ll». Iiiil llixaii do nut »wm to be ideatifiaUe vitk 
lliti imilnl iir I In* |iiirli>liii-N]jliiiii)hiii(! gunglia. 

Auulll, tlii> TiiKt. tliiili Mid liiitirt, when present, is <^ a edrnple 
till'llliii'i or MKHiilliii', ulinmoUir, and in devoid of any aepatatioD 
lull) aiirli<lti Klid vniitl'liil". iMiiiNtlUttoH a wide difTerence between 
tliiwi ilimn otiiHMtN (iiiil l.liii hi^hnr MoUusks. On the odier 
lltuid, Ihniin iilmiiinM, whitili mny bo nonveniently denominated 
Moiil'llMiiuiMA, riiNiMril)l<i oiin iinotlierin the fact (so far as I am 
nwitrii t.hnrii in only iiiio nx^icption, A^pfendicvlaria) tliat the 
tnoiilh JM proviil'id with i^liutofl t<.<ntucula, dibiposed in a circle, 
or in a hurMo-Hlmo h1iil|ii', or I'rinf^iii^' lutigarms; that it leads 
iutfj a lurgo, anil nomiitiiiicd an oxiM^i'iliti^ly liirge, pharynx ; and 
that ill two of tliti thrfMt, at lofwt, that HyNttim of cavities commB- 
nicating witii the osterior, which lias heon called the " atrial 
Bystem," is greatly developed, 

I cannot doubt, then, that the MoUuscoida form a natural 
aeaembiage ; but, until the precise cbaracterB, if any exist, which 
unite them with the Mollmca proper can be clearly defined, I 
am inclined to tliink it might be better, as in the cose of the 
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Annvioida, to recognise them as a separate division of the 
Animal Kingdom. 

The next two classes — ^the Actittozoa and the Mydrozoa — con- 
stitate one of the most natural divisions of the Animal Kingdom 
— the CtELENTEHATA of Frey and Leuckart. In all tliese 
animals, the substance of the body is differentiated into those 
histological elements which have been termed cells, and the 
latter are primarily disposed in two layers, an external and an 
internal, constitnting the " ectoderm " and " endoderm." 

Among animals which possess this histological structure, the 
Ccelenterata stand alone, in having an alimentary canal, which 
is open at its inner end and communicates freely, by means of 
this aperture, with the general cavity of the body. In a large 
proportion of these animals the prehensile organs are hollow 
tentacles, disposed in a circle around the mouth, and all {unless 
the Cienophora should prove to be a partial exception to the 
rule) are provided with very remarkable organs of oflence and 
defence, termed " thread cells " or " nematocysts." These, 
when well exhibited, as, for example, by the common freshwater 
polype [Hydra), are oval, clastic sacs, containing a long coiled 
filament, barbed at its base, and serrated along the edges. 
Wlien fnlly developed, the sacs are tensely filled with fluid, and 
the slightest touch is sufBcient to cause the retroversion of the 
filament, which then projects beyond the stic for a distance, 
which is not uncommonly equal to many times the length of 
the latter. These fine filaments readily penetrate any delicate 
animal tissue with which they are brought into contact, and 
cause great irritation in the human slciu when they are of large 
size. Nor can it be doubted that they exert a similarly noxious 
influence upon the aquatic animals which are seized by, and 
serve as prey to, the Aciiaozoa and Sydrozoa. Characteristic as 
these organs are of the Coelenterates, however, it must not be 
imagined that they are absolutely peculiar to the sub-kingdom ; 
for some nudibranchiate MoUusca, such as EoUs, are armed with 
similar weapons, and the integument of certain TurbeUaria, and 
even of some Infusoria, is provided with bodies which seem to 
be of a not altogether dissimilar character. 

No Ocelenteratc possesses any circulatory organs, nnleas the 
a 2 
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cilia which line the general cavity of the body can be regarded 
as sucli ; and a nervous system has, at present, been clearly made 
out only in the Oienophora. Here ifa central maas occnpies a 
position which is very unlike that in which the principal masses 
of the central nervoua system are found in other invertebrate 
aniraala, being situated npon that side of the body which is dia- 
metrically opposed to the mouth. 

Whatever extension our knowledge of the nervous apparatus 
of the Coilenterates may, and not improbably will, receive from 
fnture investigators, tlie positive characters afforded by the histo- 
logical features of their substance, and the free opening of their 
alimentaiy canal into the general cavity of the body, are snch 
as to separate thorn, as a sub-kingdom, as sharjily defined and 
devoid of transitional forma as that of the Vertebrata, from the 
rest of the Animal Eingdom. 

Great difficulties stand in the way of any satisfactory group- 
ing of the remaining classes, if we are determined to remain 
true to the principle that the definition of a group shall hold 
good of all members of that group, and not of any others, — 
a principle which lies at the foundation of all sound classification. 

In possessing cilia, as locomotive and ingeative organs ; in 
being provided with a contractile water receptacle with canals 
proceeding from it (in some cases at any rate) into the substance 
of the body ; in their tendency to become encysted and assume 
a resting condition, the Inpusoiiia undoubtedly exhibit analogies 
with the lower Annuhida, such as the Turhellaria, Rotifera, and 
Trematoda. 

But the entire absence, so far as our present knowledge 
goes, of a nervous system, the abrupt termination of the gullet 
in a central semi-fluid sarcodic mass, and tlio very peculiar 
characters of the reproductive organs, of the Infusoria, separate 
them widely from the Aimuloida, though it seems to me not 
improbable that the gap may hereafter be considerably dinii- 
niahed by observation of the lower forma of Turbellaria. 

At present the Infuaoria are usually regarded as forming part 
of the same sub-kingdom as the Spongida, Radiolaria, Rhizopoda, 
and Qregarinida, and as closely allie[i to them. But, ao far as I 
am aware no definition can be framed which will yield characters 
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at once Gommon to, and distinctiye of, all these four groupa; while 
recent diafovories tend to widen so greatly the hiatus between 
the Infusoria and the other three classes, that I greatly doubt if 
the sub-kingdom Protozoa can be retained in its old sense. 

But if the Infusoria be excluded from it, the remaining 
groups, not with standing the imperfection of our knowledge 
regarding some of them, exhibit a considerable community of 
partly negative and partly positive characters. 

The Spmiffida, Eadiolaria, Ehizopoda, and Qregarinida, in 
fact, are all devoid of any definite oral aperture ; a considerable 
extent, and sometimes the whole, of the outer surface of the 
body acting as an ingestive apparatus. Furthermore, the bodies 
of these animals, or the conntituent particles of the compound 
aggregations, such as the Sponges, exhibit incessant changes of 
form — the body wall being pushed out at one point and drawn 
in at another — to such an extent, in some cases, aa to give rise 
to long lobate, or filamentous, processes, which are termed 



Finally, all these classes agree in the absence of any 
well-defined organs of reproduction, innervation, or blood 
circulation. 



Thus, in the present state of knowledge, it seems to me that 
tlie whole Animal Kingdom cannot be divided into fewer than 
eight primary groups, no two of which are susceptible, in the 
present state of knowledge, of being defined by characters which 
shall be at once common and diagnostic. 

These groups are the — 



Vebtebbata. 



MOLLUSCA. 
MOLLUSCOIDA. 

CfELENTERATA, 



Anhulosa. 

Annuloida. 
Infusoria. 



Protozoa. 



I leave aside altogether the question of the equivalency of 
these groupa ; and, aa I have already stated, I entertain some 
doubts regarding the permanency of one — the Infusoria — aa a 
distinct primary division. Nor, iu view of the many analogies 



between the MoUusca and the MoUitscoida, the Annvioaa and 
the Annuloida, do I think it very improbable that, hereafter, 
some commoD and distinctive characters may possibly be dis- 
covered which shall unite these paira respectively. But the 
discoveries which shall effect this Bimplilicatii>ii have not yet 
been made, and our classififatiou sliould express not anticipa- 
tions, but lactfl. 

I have not thought it necessary or expedii'nt, thus far, to 
enter into any criticism of the views of other naturalists, or to 
point out in what respect I have departed from my own earlier 
opinions. Hut Cuvier'a system of classiflcatiou hoa taken such 
deep root, and is so widely used, that I feel bound, in conclu- 
aion, to point out how far the present attempt to oxpross in a 
condensed form the general results of comparative anatomy 
departs from that embodied in the opening pages of the " Kfegne 
Animal." 

The departure is very nearly in the ratio of the progress of 
knowledge since Ctivior's time. The limits of the highest 
group, and of the more highly organized classes of the lower 
divisions, with which he was ao well acquainteil, remain as he 
left them ; while the lower groups, of which lie knew least, and 
which he threw into one great heterogeneous assemblage, — the 
Badiata, — have been altogether remodellod and rearranged. 
Milne-Edwards demonstrated the necessity of removing the 
Polyzoa from the radiate mob, and of associating them with the 
lower MoUusks. Frey and Leuokart demonstrated the sub- 
regnal distinctness of the Cesleniei'ata. Yon Siebold and liis 
acliool separated the Protozoa, and others have completed the 
work of disintegration by erecting the Scolecida into a primary 
division, of Fermes,and making the Ec7ii;io^eraiix((t into another. 
Whatever form the classification of the Animal Kingdom may 
eventually take, the Cuvierian Badiaia is, in my judgment, 
effectually abolislied : but the term is still so frequently used, 
that I have marked out those classes which it denoted in 
the diagram of the Animal Kingdom (p. 6), so that students 
may not be at a loss to understand tlie sense in which it is 
employed. 
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THE SUBCLASSES AND ORDEE8 INTO WDICH THE CLASSES 
OF THE VEETEBRATA ARE DITISIBLE. 

I. The Mammalia. 

A GHEAT many systems of classification of the Mammalia have 
been proposed, but, as any one may imagine from the nature of 
the case, only those which have been published within the last 
forty or fifty years, or since our knowledge of the anatomy of 
these animals has approached completeness, have now any 
scientific standing-ground. I do not propose to go into the 
history of those olrler systems, which laboured more or less 
under the disqualification of being based upon imperfect 
knowledge, but I shall proceed, at once, to that important 
step towards dividing the Mammalia into large groups, which 
was taken by the eminent French anatomist, M, de Blaintnlle, 
so far back as the year 181(j. M. de Blainville pointed out that 
the Mammalia might be divided into three primary groups, 
according to the character of their reproductive organs, especially 
the reproductive organs of the female. He divided them into 
" Ornithodelphes," " Didelphes," " Monodelphes ;" or, as we 
might term them, Ornithodelphia, Didelphia, Monodelphia^ 
Now, I do not mean to assert that M. de Blainville defined these 
different groups in a manner altogether satisfactory, or strictly 
in accordance with all the subsequently discovered facts of 
science, but his great knowledge and acute intuition led him to 
perceive that the groups thus named were truly natural divisions 
of the Mammalia. And the enlargement of our Itnowledge by 



88 INTltODUCTlOK TO CLASSIFICATION. 

subsequent inveBtigation seems to me, iu the main, only to ha.vi 
ooufirmed Da IJlainviUe's views. 



Tbe Hubclasa of the Oknithodelphia comprises those ■ 
remarkable genera of Mammnis, us isolated iu geographi 
distribution aa iu structure, — Ornithorhijnehus and Echidna- 
which constitute tiie order Monotremata. 

In these animals the angle of the lower juw is not inflecl 
and the jawa are devoid of true teeth, one of the two genera o 
(Ornithorhynchua) possessing horny plates in the place of tet 
The coracoid bone extends from the atapula to the stem 
with which it is articulated, as in birds and most reptiles, e 
as in mauy of the latter, there is au iiiter*clavicle. There is 
no marsupial pouch, though bones wrongly termed " marsupial " 
arc contiecteil with the pelvis. But it is to the structure of the 
female reproductive organs that the Oriiiihodelphia owe thei 
name. The oviducts, enlarged below info uterine pouches, hi 
oponingaeparately from one another, as in oviparous vertebrati 
debouch, not info a distinct vagiuu, but info a doacal chamber, 
common to the urinary and genital products and to the fieces. 
The testes of the mule are abdominal iu position throughout 
life, and the vasa deferentia open into the cloaca, and not into a 
distinct urethral passage. The penis is indeed traversed by a 
canal, but it is open and interrupted at the root of that 
organ. In both sexes, the ureters pour the renal secretion, 
into the bladder, which is connected with the upper extremit 
of the cloaca, but into the latter cavity itself. 

In the brain, the corpus caUoBum is small, the anterior coi 
missiire large. We are but very imperfectly acquainted 
the reproductive processes of these animals, but it is 
that the young are devoid of a placenta. The mammary gland 
has no nipple. 



Like the Ornithodelphia, the subclass DroELPHiA contains! 
but a single order, the Marsupialia, the great majority of which, f 
like the OrtiHhodelpMa, inhabit Australia. They almost all| 
have the angle of the lower jaw inflected, and all possess true I 
teeth. The coracoid la, as in the higher Mammals, ankylosed J 
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With tlie scBpula, and is not articulated witli the Bternum. All 
Lave the so-called " marsupial " bones or cartilages — ossifii!atious, 
or cliondriflcations, of the internal tendon of the external oblique 
mnscle of the abdomen — and the females of almost all possess a 
fold of the skin of the abdomen above the pubis, constituting a 
" marsupittm," or pouch, within which the young are nourished 
and protected in their early, helpless condition. 

The oviducts opi;n into vaginse, which are more or less com- 
pletely divided into two separate passages. The testes of the 
males are lodged in a scrotum, which is suspended in front of 
the penis ; and the vasa deferentia open into a complete and 
continuous urethra, which is also the passage by which the urine 
escapes from the bladder, and is perfectly distinct from the pas- 
sage for the fteces, though tlie anus and the termination of the 
urethro-sexuul canal are embraced by the same sphincter. 

The corpus callo sum is comparatively small, and the anterior 
commissure large, as in the Orniikodeifkia. 

It is stated that the allantois of the embryo is arrested in its 
development, and gives rise to no placenta. The umbilical sac 
is said to acquire a large proportional size ; but whether it plays 
the part of a placenta for the short period, of intra-uterine life, 
or not, is unknown. 

The young are born of very small size, and in a singularly 
imperfect condition ; but being transferred to the marsupium, 
and becoming attached to a long nipple, they are supplied with 
milk until they are able to provide for themselves — the milk 
being, at first, forced into their mouths by the action of a muscle 
spread over the mammary gland. 

In the MoNODELPHiA, the angle of the lower jaw ia not 
inflected, and they may or may not be provided with teeth. 
They never possess " marsupial " bones. Tlie uterine dilatation 
of the oviductfl is always considerable, and whether they have 
common or distinct apertures, the vagina is a single tube, 
tliough it may be partially divided by a septum. Tlie testes 
may vary much in position ; but, if they are lodged in a scrotal 
pouch, it is never pendulous by a narrow neck in front of the 
penis, Sl& in the Didelphia. 
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The urinary bladder opens into a distinct iiretbia, wliicl^j 
directly or indirectly, receives the vasa deferentia in the male. 

Tbe corpus callosum is very variable in its developmenVJ 
communly attaining a much larger size than in the preceding^] 
groups ; tbe optic lobes are divided into four portions. 

The young are nourished within the uterus until such timo' 
as they are competent to suck milk from the teats of the parent, 
to which end the chorion always develops processes or villi, 
which are well supplied with vessels brought to them by the 
allantois. Those processes becoming interlaced more or lessi 
closely with corresponding vascular developments of the wall 
the uterus (and bo forming a "placenta"), an interchange 
constituents takes place between the foetal and the maternal 
blood, through the separating walls of the fcutal and maternal 
vessels. In this manner, throughout its prolonged iutra-utorine 
life, the Monodelphiau foetus is supplied with nourishment a 
gets rid of its effete products. 

It is a well-established fact that two very distinct types 
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Fig, 40.— Dingrammntio seclton ol n human pregnant utei'us, with the confaincd otc 
(LoDgel). u, ulerua; /, o.iduct; c, ceivii nUri; da, deoidua uteri; dr, decid 
refleiB ; da, dtcldiia (erotica ; cA, choriou ; am, amnion ; al, allimhiiB ; ni, umbilii 
T»ide ; a, villi vbich Toi-m the (lelai purt of the placenta ; 2', villi over the rat 
10 part in the placeutal function in ■nan. 
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placeuta are to be met witli in the Monodel2>hia, ami that, at the 
present moment, we have no knowledge of any transitional 
forma between these two types. The first of those types is that 
exhibited by the human placenta, the second by that of the pig 
or horse. 

From the commencement of gestation, the superficial sab- 
stance of the mucous membrane of the hnman uterus undergoes 
a rapid growth and textural modification, becoming converted 
into the so-called "decidua." While the ovum ia yet small, 
this deeidua is separable into three portions, — the deeidua vera, 
which lines the general cavity of the uterus; the deeidua 
reflexa, which immediately invests the ovum ; and the deeidua 
serotina, a layer of especial thickness, developed iu contiguity 
with those chorionic villi whicli persist and become converted 
into the foetal placenta. The deeidua rejlexa may be regarded 
aa an outgrowth of the deeidua vera ; the deeidua serotina as 
a special development of a part of the deeidua vera. At first, 
the villi of the chorion are loosely implanted into corresponding 
depressions of the deeidua ; but, eventually, the chorionic part 
of the placeuta becomes closely united with, and bound to, the 
nterine deeidua, so that the foetal and maternal structures form 
one inseparable mass. 

In the meanwhile, the deeper substance of the uterine 
mucous membrane, in the region of the placenta, is traversed 
by numerous arterial and venous trunks, which carry the blood 
to and from the placenta; and iho layer of deeidua into which 
the chorionic villi do not penetrate acquires a cavernous, or 
cellular, structure from becoming burrowed, as it were, by the 
innumerable sinuses into which these arterial and venous trunks 
open. In the process of parturition, the deeidua serotina splits 
through this cellular layer, and the superficial jiart of it comes 
away with the unbilical cord, together with the fcetal mem- 
branes and the rest of the deeidua ; while the deeper layer, 
undei^oing fatty degeneration and resolution, is more or less 
completely brought anay with the loehia, and gives place to 
a new mucous m'embrane, which ia developed throughout the 
rest of the uterus, duriug pregnancy ; but, possibly, arises only 
after delivery over the placental a 
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In llie Pig the placenta is an infinitely simpler structure. 
No " deeidua " is developed ; the elevations and depressions of 
the unim])regnated uterus simply acquire a grealer size and 
vascularity during pregnancy, and cohere closely with the 
chorionic villi, which do not become restricted to one spot, but 
are developed from all parts of the chorion, except its poles, 
and remain plTsistent in the broiid zone thus formed tliroiijrh- 
out ftetal life. The cohesion of the fostal and maternal placentse, 
however, is overcome by slight maceration or jioet-mortem 
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change ; and, at parturition, the foetal villi are simply drawn 
out, like fingers from a glove, no vascular substance of the 
mother being thrown off. 

The process liy which the mucous membrane of the uterus 
i-etums to its uuimproguated condition after parturition in the 
pig has not been traced. 

The extreme cases of placeutalion exhibited by Man and 
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by the I'lg may be termed, with Vod Baer and Escbricht, from 
the character of the maternal placenta, " caducous " and " non- 
caducous," or, from the degree of cohesion of the two placentae 
in parturition, " coherent " and " incoherent ;" or, nbat perhaps 
would be better still, the two Mammals may he spoken of as 
" deciduate " and " non-deciduatc."* But, whatever terms be 
employed, the question for the classifier is to inquire what mam- 
mals correspond with Man and what with the Pig, and whetlier 
the groups of deciduate and non-decidnate Monodelphia tlius 
formed are natural groups, or, in other words, contain such 
orders as can be shown, on other grounds, to be affined. 

Witli respect to the Deciduata, it is certain that the Apes 
agree, in the main, with man in placental, as in other important 
characters ; and, so far as has hitherto been observed (though our 
knowledge of the placentation of the Lemurs ia very defective), 
their plaeentfe differ from those of Man only in presenting a more 
marked lobation — a character which occurs as a variety in Man. 

The Cheiroptera, Insedivora, and Rodeniia agree with Man 
in possessing a placenta whicli is not only as much " discoidal," 
allowance being made for the shorter curve of the uterine walls, 
as his, but also entirely resembles liis in being developed in 
conjunction with a deeidua. This decidua always corresponds 
to at least the deoidua serotina of Man ; frequently there ia a 
well-developed deeidua refiexa.'t How far a deeidua vera can be 
said to be developed is doubtful. 

Figure 43 represents a section of the uterus, chorion, and 
partially-injected placenta of a Rat (the foetus being one inch and 
a quarter long), taken in a direction perpendicular to the long axis 
ofthe uterine comu. a ia the mesometrium traversed by a 
large uterine vein ; h is the wall ofthe uterus becoming looser in 

■ It is, of coiirae, by no meanB intended to saggest by thoec tenns, tliat Uia 
homologne of ttie deeidua does not exist in tlie " non-deciduate " ManuniUa. The 
raneouB membrane of the uteras becomea hypertrophied dnring pregnancy in botti 
the deciduate and the nan-deciduate Mtunmitls ; bnt it is tlirowii oCf, and bo givoa 
rise to a " deeidua " only in the one of these two groups. 

t See apon tliia subject the recently-pnbliaiied vuluabla essay of Beichort ; 
" Boiti^e zar Entwickelungs-gcechicllte deti Meerschweinchens." Reichert finds 
a camploto, or almost eotiipletc, decidtia rijlexa in Eats, Mioe, Gninea-pigs, and 
Bats: iihjle in Babbits, Itares, and Carnunra. the decidaa refexa only partially 
auiraunda the otiud. 
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texture and traversed by large venous channels in its inner sub- 
stance, c ; d is a decidual layer of the uterus of a cavernous 
structure, whence vaseukr processes are continued towards the 
chorionic surface of the placenta. A large vein (i) passes 
directly from the decidual layer (d), and the uterine sinuses 
beneath it, to near the cliorionic surface of the placenta, beneath 
whieli it branches out horizontally. The chorion (/), rendered 
vascular over its non-placental part by the omphalo-meeeraic 




vessels (7c) only begins to exhibit villous processes and folds at 
the point (g). These outermost villi appear to me to be free ; 
but, more internally, they become closely connected with the 
upper surface of the placenta; and over the central third of the 
fcetal face of the placenta, the umbilical vessels (?) ramil'y iu a 
radiating fashion, and send prolongations down between the deci- 
dual lamellie. The slightest traction exerted upon the cord 
causes the placenta to separate along the lino e, m, m, e, bringing 
with it, of course, the cup-shaped deeidua, d. 

The Carnivora develop a well-marked decidua, but their 
placenta in all genera whicli have been examined (except the 
Polecat, according to Von Eaer) lias the form of a complete 
zone, or broad girdle, surrounding the middle of the cliorion 
and leaving the poles bare (Fig. 44). 

Thus Man; the Apes, or so-called Quadrumana ; the 
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Inseciivora; the Cheiroptera ; the Bodentia, to which the lowest 
apes present eo many remarkable approximations; and the 
Gamivora (united into one group with the Inseciivora by 
Cuvier) are all as closely connected by their placental structure 
as they are by their general affinities. 




Fig. 44. — FiFt.nl kitten, nith its membranes and placenta. The latter la seen Ctoai within, 
the chorion and alliuitoia being opened and ererled. — Am, [million; All, nllantois; 
J'l, pkcentn ; Uia, nmbilifBl yeaiele. 

(Fiom a preparation In the Mnseum of tbe Royal College of Surgeons.) 

With the Pig, on the other hand, all the Artiodadyla, all 
the Perissodactyla (save one, taking the group in its ordinarily 
received sense), and all the Ceiaeea which have been studied, 
agree in developing no decidua, or, in other words, in the fact 
that no vascular maternal parts are thrown off during parturi- 
tion. But considerablo differences are observed in the details 
of the disposition of the fcctal villi, and of the parts of the 
uterus which receive them. Thus, in the Horse, Camel, and 
Ceiaeea the villi are scattered, as in the Pig, and the placenta 
is said to be diffuse ; while in almost all true Euminanta, the 
fcetal villi are gathered into bunches, or cotyledons, \vhieh in 
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the sheep (Fig. -1(!) are convex, and are recttiveil into cujib oT 
the mncoiis membrane of the uterus ; while in the Coiv, on the 
contrary, they are concave, and fit upon corresponding convexi- 
ties of the nteriis (ri(!;s. 45 and 47). 





Fig. 43. — A, Horn of the Ulenie of a pregnant Kwe, Inid open lo thow, Oi, the ehorlo 

wit)i Qi, tlie cotjleJoni. 
B. DiagrammatJc aeclion of n Cotjlrfon.— I'', uterine whII ; Cu', nterine eiip of the catj- 

ledon ; C^, chorionic vilioDti Inll of th« cotfledoD. 

(from n prep iiBlioD in tha Mn»!»in of the Rojnl College of Sorgeons.) 
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No one piubiWv, wiuld be inciined to object to theasaocia- 
tioTi of ihe oiiiersjust incntioual into one great division of the 



Fig. 47.- 
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Monoddphia, cliaractfirised by its placental structure. But such 
grouping leaves several important points for discussion. The 
Elephant has a zonary placenta,* ao'l the genua Hyrax baa been 
known, since the time of HomCj to be in like case. Hence, as 
the elephants are commonly supposed to be closely allied with 
the Pacht/dermata, which possess diffuse, non-deciduate placentte, 
and as Hyrax is now generally, if not universally, admitted into 
the same order aa the Horse, which has a diffuse, non-deciduate 
placenta, it is argued that placental characters do not indicate 
natural afEnities. A question, indeed, arises, which has not 
been answered by those who have described the placentie of 
Elefhas and Syrax. Is the placenta of these animals simply a 
zone-like arrangement of villi or cotyledons, in connection with 
which no decidua is developed, or is it a true deciduate placenta, 
resembling that of the Gamivora iii the essentials of its internal 
structure as in its external form ? 1 have satisfied myself that, 
in both these animals, the placenta is as tnily deciduate as that 
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of a Rodent; so that most unqueBtionably, if the placental 
method of classification is to be adopted, both Elephas and Eyrax 
must go into the same primary division of the Monodel^hia as 
the Rodenlia and Camivora. 

But are these facta really opposed to the belief that the 
placenta has great tasonomic value ? 

So far as the elephants are conceraed, I must confeas 
that I see no difficulty in the way of an arrangement which 
unites the Prohoscidea more oloaely with the Bodentia than with 
the Artiadadijla and Perisiodacti/la, the singular ties which ally 
the Elephanta with the Itodenta having been a matter of common 
remark since the days of Cuvier. 

I have no hesitation in regarding Hyraoi as the type of a 
distinct order of deciduate Monodelphous Mammalia. Hyrax, 
in fact, hangs by Rhinoceros mainly by the pattern of its mohir 
teeth, — a character which affords anything but a aafe guide to 
affinity in many cases. 

The case of the Edentata presents greater difficulties. . In 
this order, the Sloths have presented a cotyledonavy placenta, 
and the Armadillos have been affirmed to possess a discoidal 
one. I am not aware that tlie minute structure of the placenta 
liaa been examined in either of these groups ; but I am indebted 
to Dr. Sharpey for valuable information respecting (he placental 
structure of Manis. The surface of the chorion is covered with 
fine reticulating ridges, interrupted here and there by round 
bald spots, giving it an alveolar aspect, something like the 
inside of the human gall-bladder, but finer. The inner surface 
of the uterus exhibits fine low ridges or villi, not reticulating 
quite so much. Tlie cliorion presents a band, free from villi, 
running longitudinally along its concavity, and there is ii corre- 
sponding bald space on the surface of the uterus. The ridges of 
the chorion start from the margins of the bald stripe, and run 
round the ovum. The umbilical vesicle is fusiform. This is 
clearly a non-deciduate placenta, and the cotyledoimry form of 
that of the Sloth leads me to entertain little doubt that it be- 
longs to the same category. On the other hand, the placenta 
of Orycteropus is discoidal and deciduate. 

It may alao be urged that the value of the placenta aa 



an indicutioH of affinity is weakeued by tlie fact of a clear 
transitiou between the Carnivora, with a deckliiate zonary 
placenta, and the Oetacea, with a non-ileciduate diffuse placenta, 
being afforded by the extiact Zeuglodon. 

But admitting all these difficulties and gaps in onr informa- 
tion, it appears to me that the features of the placenta afford by 
far the best characters which have yet been proposed for dasei- 
fyiiig the Jlonodelphous Mammalia, especially if the concomi- 
tant modifications of the other fcetiil appeLdages such as the 
allantoia and yelk-aac, be taken into account. 

Certain orders of the Mammalia, then ha?e a discOidal 
DBCIDUATB plucentft. These are — 

1, The I'KiMiTES — which have never more than four incisor 
teeth above, and as many below. The hallux \i always provided 
with a flat nail (ivlth occasional individual exceptions), and is 
capable of a considernble amount of abduction and adduction. 
All the Primates possess clavicles. 

This oi'der contains three sub-orders — 

a. The Anihropidm (Man). — The dental Ibrmula ia 
.2:2 1.1 2:2. _ 3.3 
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and the teeth form a nearly even unJ uninterrupted series. 

The hallux is nearly as long as the second toe, and is 
capable of comparatively slight movements of adduction 
and abduction. The arms are shorter than the legs, and, 
after birth, the latter grow faster than the rest of the body. 

The habitual attitude of the body in standing or walking 
is erect. 

h. Tlio SimiadiB. — (The Apes and Monkeys.) 
The dental formula as in man, or with pm j^- 

The series of the teeth is uneven and interrupted by a 
diastema. 

The hallux is considerably shorter than the second toe, 
and is capable of extensive adduction and abduction. The 
annfi may be longer or shorter tljan the legs, but the latter 
do not grow I'aster than the rest of the body after birth. 

e. The LeTnuridte. — The dental formula varies. The 
H 2 
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series of tliu toetli is imevcn and internipted. The hallniC 
is large, while the second digit is iilways peculiarly modi- 
fied, and sometimes rudimentary. 

In tiiia siib-order alone are tlio further fharacters fou: 
that the lachrymal foramen is situated ou the face 
orbit and temporal fossa ei>niinuiiioate freely, as in tl 
three succeeding orders; the clitoris of the female 
perforated by the urethra; and more than one pair of teata 
may be present. 

2. TTie Insectivoha. — The dentition varies. Usually, thei 
are more than four incisors In each jaw, and the uolare hai 
sharp and pointed cusps. 

The hallux possesses a claw, and has no marked freedom 
adduction and abduction. 

In all genera but one there are we II- developed clavicles. 

The so-called Flying Lemurs {Galeojnihecus), the Hedgeh 
the Shrews, and thct Moles belong to this order. 

3. The Cheiroptera. — The dentition varies, but well- 
developed canines are always present, 

The clavicles are strong and long, TJie fore-limbs are much 
longer than the hind limbs, and have the four ulnar digits pro- 
longed. At least three of these are nailless. A prolongation 
of the integument, or " patagium," unites the prolonged digits 

ether, and the arm ivith the body. 

The hallux resembles the other digits. There are one or 
,i¥0 pair of pectoral teats. The penis is pendent, and the 
lestes remain in the abdomen. 

To thia order the Bats belong. 

4. The RoDENTiA, — There are never more than (wo incisors 
in the lower jaw, and usually only two, hut sometimes four, 
n tlie upper. These incisors have persistent pulps, and con- 
.inue to grow in adult life. 

There are no canines. The molars vary in number from 
2.2 , 6.6 

i '° u- 

The halhix, when present, resembles the other digits, and 
a number of teats varies. 
The Rats, Hares, Squirrels, &a., constitute this order. 
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! rudimentary. The 

1 the other digits in 

The teata are not 

Civela, Dogs, 



Three orders possess a zonaby deciduate placenta — 

1. The Cabnivoea. — The teeth are enamelled, and always 
consist of incisors, caninea and molars. There are milii and 
permanent teeth. 

The clavicles are always more i 
hallux and jjoUex, iThen present, resemble 
mobility and in the character of their nails, 
fewer than two pair, and are abdominal. 

This order contains all the Cats, 
Bears, Weasels, Racoons and Seals, 

2. The Proboscidea, — The teeth consist only of tuat-like 
incisors, growing from persistent pulps, and molars. There ia 
often only one set of teeth. The centra of the vertebne are 
remarkably short for their breadth. There are no clavicles. 
The feet are flve-toed, and the weight of the body ie supported' 
by a palmar and a plantar pad of integument, which underlies 
the toes. In standing, the knee-joint is straightened, and the 
femnr lies in a line with the leg-bones, as in mim. 

The nose is prolonged into a proboscis. 

The inammse are two, and axillary, 

TheElephants, Mastodons and DmoiWia constitute this order. 

3. The HYRAtoiDKA, containing the single genus Eyrase. — 
The dentition consists only of incisors and canines ; and in the 
aged animal has the formula — 



.'2^ U.O 
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The upper incisors have persistent pulps, and are long and 
curved, as in Rodents. The lower are straight, and grooTed 
longitudinally. The molars resemble those of the Ehinoceroa, 

The front foot has four toes, the hind three. The inner nail 
of the hind foot is singularly curved. 

There are no claviclea. 

The stomach is simple. The intestine has two accessory 
L'EDca, in addition to the ordinary one. The nretera open into 
tlie fundus of the bladder, aa in some Rodents, ITie penis of 
the male is pendulous, and the female has aix teats, four inguinal 
and two axillary. 
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scries of the teeth is uneven and interrapted. The hallux 
is large, while the second digit is always peculiarly modi- 
fied, and sometimes rudimentary. 

In this sub-onler alone are the further characters found, 
that the lachrymal foramen is situated on the face; the 
orbit and temporal fossa communicate freely, as in the 
throe succeeding orders; the clitoris of the female is 
perforated by the urethra ; and more than one pair of teats 
may be present. 

2. The Insectivora. — The dentition yaries. Usually, there 
are more than four incisors in each jaw, and the molars haye 
sharp and pointed cusps. 

The hallux possesses a claw, and has no marked freedom of 
adduction and abduction. 

In all gonora but one there are well-developed clavicles. 
The so-oalled Flying Lemurs (Qaleopithecus), the Hedgehogs, 
the Slircws, and the Moles belong to this order. 

y. The CiiEiROPi'ERA. — The dentition varies, but well- 
developed canines are always present. 

The clavicles are strong and long. TJie fore-limbs are much 
longer than tlie hind limbs, and have the four ulnar digits pro- 
longed. At least three of these are nailless. A prolongation 
of the integument, or " patagium," unites the prolonged digits 
together, and the arm with the body. 

The hallux resembles the other digits. TThere are one or 
two pair of pectoral teats. The penis is pendent, and the 
testes remain in the abdomen. 
To this order the Bats belong. 

4. The KoDENTiA. — There are never more than two incisors 
in the lower jaw, and usually only two, but sometimes four, 
in the upper. These incisors have persistent pulps, and con- 
tinue to grow in adult life. 

There are no canines. The molars vary in number irom. 
2.2 . 6.6 

2:2 *^ 5:5* 

The hallux, when present, resembles the other digits, and 
the number of teats varies. 

The Eats, Hares, Squirrels, &c., constitute this order. 
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Three orders possess a zonary deciduate placenta — 

1. The Carnivora. — The teeth are enamelled, and always 
consist of incisors, canines and molars. There are milk and 
permanent teeth. 

The clavicles are always more or less rudimentary. The- 
hallux and ]iollex, ivhen present, resemble the other digits in 
mobility and in the character of their nails. The teats are not 
fewer than two pair, and are abdominal. 

This order contains all the Cats, Hyrenas, Civets, Dogs,' 
Bears, Weasels, Kacoons and Seals. 

2. The Pkoboscidea. — The teeth consist only of tuak-like- 
incisors, groning from persistent pnJps, and molars. There is 
often only one set of teeth. The centra of the Yertebrse are 
remarkably short for their breadth. There are no clavicles. 
The feet are five-toed, and the weight of the body is supported 
by a palmar and a plantar pad of integument, which underlies 
the toes. In standing, the knee-joint is straightened, and the 
femur lies in a line with the leg-bonea, as in man. 

The nose is prolonged into a proboscis. 

The mammse are two, and axillnry. 

TheElephants, Mastodons and DiW/A^Tia constitute this order. 

3. The Hyracoidra, containing the single genus Syraw. — 
The dentition consists only of incisors and canines ; and in the 
aged animal has the formula — 
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The upper incisors have persistent pulps, and are long and 
curved, as in Rodents. The lower are straight, and grooved 
longitudinally. The molars resemble those of the Rhinoceros. 

The front foot lias four toes, the hind three. The iimer nail 
of the hind foot is singularly curved. 

There are no clavicles. 

The stomach is simple. The intestine has two accessory 
cteca, in addition to the ordinary one. The ureters open into 
the fundus of the bladder, as in some Rodents, The penis of 
the male is pendulous, and the female has six teats, four inguinal 
and two axillary. 
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In the following orders the placenta is nox-deciduate— 

1. Unqulata. — Tliere are two sets of eTiamelleil teeth. The \ 
molars have broad crowns witli tuberculated or ridged surfaces. 

There are never more than four full-sized toes on eacli limb,^ 
and the terminal digits are cased in thick hooF-like nails. 

The members of this (jroup are iinguligrado or digitigrade, J 
never plantigrade. Clavicles are never developed. The teat* J 
are few and inguinal, or numerous and abdominal, in position. I 
The placenta is diffuse or cotyledonary. 

The Unffulata Are divisible into two sub-nrders, which pass J 
into one another: (a), the PerieBodactyla (Horses, Hhinocerose^il 
Tapirs, PaUeoiheria, Macra/ueheniK), with the third digit of each I 
foot symmetrical in itaelf; the toes of the hind foot odd iaj 
number ; a third trochanter on the femur ; the stonmcb simple, 
and the cfecnm very large; the horns, if present, median, 
and not supported by a bony core: (h). the ArHodaetyla\ 
(Hippopotamuses, Pigs, Aiiaplotheria, liuminants), with tlie i 
third digit of each foot paired with the fourth, and the func- 
tional toes of the hind foot oven in number; no third tro- i 
chanter; the stomach more or less complex, and the ctecura i 
not 80 large. The horns, if present, paired, and supported by 1 
a bony core. 

The U^i^Waia are closely allied with ihe Hyraeokha among 
the MfimnialB with zonary placenlalion. 

2. The Cetacf-a. — The body hue a fish-like form, with a 
horizontal expansion of inti'gnment as a caudal fin, and some- 
times a vertical expansion, aa a dorsal fin. The hairs are very , 
scanty. 

The anterior limbs alone are developed, and are fin-like and ] 
devoid of nails. The nasal aperture, or apertures, are placed at \ 
the top of the heail. There is no third eyelid, and the teats a 
two, and inguinal. 

In the skeleton the cprvical region is short, and the lumbar, 
long; there is no sacrum, and no odontoid process in the 
second cervical vertebra. The skull has a very broad brain 
ease, and the premaxillee, which are small in proportion to the 
m^llfe, are prolonged far in advance of the nasal aperture. 
The froutalH have great supriiorbital proceases, and the maxillas 
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Bifend on to, or over, them. ITie nasal bones are short or 
rudimentary, and the lachiynial bones are abspnt or small. 
The tympanic bone is thick and scroll-ehaped. The mandible 
has a very small coroaoid process, and the condyle is situated 
at the posterior extremity of the ramus. 

There are no clavicles. There is no complete articulation 
between the bones of the fore-arm and the humerus, or between 
those of the carpus, fore-arm and digits. Some of the digits 
have more than three phalanges. The pelvis is viidimentary, 
and there is never more than a trace of hind-limb bones. 

There are two sets of teeth only in the extinct Zeuglodon, but 
teeth may exist and be replaced before birth by baleen plates. 

In this order the Whale-bone whalos, the Dolphins, and 
the extinct Zenglodonts are comprised. The Ceiacea are closely 
allied with the Carnivora, among tlm mammals wiih zonarv 
placentation. 

Two orders of Mouodelphous Mammalia remain. The 
placentation of one of them, the Sirbnia, is nnlcnown. 

Like the Cetacea, the Sirenia have a horizontally-flattened 
caudal integumentary fin, and the hind-limbs and sacrum are 
absent in existing genera, but in other respects they diiTer from 
the Cetacea completely, and approach the Prohoaddea among 
the zonary and deciduate Mammalia. 

They possess a fleshy snout and lips, a well-developed third 
eyelid, vesiculre seminales, and salivary glands, all of which are 
absent in the Cetacea. 

The teats are thoracic, and two in number. 

The cervical region is short, but longer in proportion 
than in the Cetacea, though the number of the vertebrse may 
be only six {Manatus). There is an odontoid process. The 
heads of the ribs ai'ticulate with the centra of all the dorsal 
vertebrae, which is never the case in the Cetacea. The skull 
has an enormous zygomatic arch. The premaxillie occupy 
a large spafe in the upper bonnilary of the gape of the mouth ; 
and the mandible has a large coronoid and high ascending 
part of the ramus, in which respects it is opposed to that of 
the Ceiacea. There are no clavicles. The bones of the fore-limb 
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are freely articulated with one anotlier, and tlie phalanges do 
not exceed three. 

There is only one set of inolar teeth, and horny platea are 
developed upon the premaxJllary region of tlie palate and the 
opposed surface of the lower jaw. The apex of the heart is 
deeply bifid between the two ventrides. 

The existing Sirenia are the estnarine, or littoral, Dugonga 
and Manatees. 

In the remaining order, the Edentata, (he placentatiou 
appears to vary, being dififuBe and non-dpciduato in Manis, 
cotyledonous (and non-decidiiate ?) in Bradypue, and diacoidal 
and deciduate in Oryeieropua ; but further investigation is needed 
before Buch variations can be safely admitted to exist. 

The teeth are always devoid of enamel and of complete 
roots. There are never any median incisors in either jaw, 
and incisors are entirely absent in all but ono geuns of Arma- 
dillos. 

The fore-limbs are wel]-develoi>ed, and their ungual phalanges 
are enveloped in long and strong claws. There are pectoral, and 
Bometimes abdominal, mammse. 

The Sloths, the extinct Megatherium and its allies, the 
Anteaters, the Pangolins, and the Arniadillos belong to this 
order. 

The characteraof the orders MAnsuTiALiA and Mohothemata 
are the same as those of the sub-classes Videljihut and Ornitko- 
delpMa, of whifh they res}iectively constitute the sole members. 

II. The Sauropsida. 
The claBs AvEa is divisible into three orders — 

1. SauEDE^- — The metacarpal hones are not ankylosed 
together. The caudal vertebrai are both numerous and large, 
BO that the caudal region of the spine is longer than the body. 

This order contains only the extinct bird, Archeeopteryx. 

2. Ratit^. — The metacarpal bones are ankylosed together. 
The tail is shorter than the body. 

The steraum is devoid of any crest and ossifies only from 
lateral and paired centres. 
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TliB loug ases of the adjuuent parts of the cnriicoid and 
pcapiila are parallel or identical. TIiq barba of the fenthei's are 
fliseounected. The diaphragm m better developed than in 
other birds. 

The Ostriches, Rheas, Emeus, Cassowaries, nii'l the Aptertfx, 
are the existiiig members of this ojder. 

3. Oabinat^, — The melaenrpal bones are ankylosed, and tbe 
tiiil is shorter than the body, as in tlie Eatiim, the terminal 
vertebrae being commonly ankylosed into a plonghshare-ahaped 
bone. 

Tbe Bterniira possesses a crest or keel, and ossifies from a 
median centre in that keel, as well as from paired centres. 

The long axes of the seapula and coracoid make an acute or 
slightly obtuse Etngle. Tbe barba of the feathers are nsnally 
connected. 

To this order all ordinary birds belong. 



Tbe members of the class Rbptilia may be grouped into 
the followiug orders : — 

1. The Chocodila. — These reptiles have an epidermic 

exoskeleton consisting of horny sealea, anrl a dermal exoskeleton 
of bony scutes, which may be confined to the dorsal surface 
of the body, or exist on the ventral aspect as well. 

The centra of tbe dorsal vertebrte are proccelous or amphi- 
eceloas ;* and in tho middle and posterior dorsals a single trans- 
verse process supports both the capitulum and the tubereulum of 
the rib. Some of the ribs are provided witli uucinate processes. 

There are two sacral vertebra;. False ribs are developed 
as superficial ossifications in tbe wall of the abdomen. 

Tiie bones of the skall and face (except the mandible and 
hyoid) are solidly united together, and tho presphenoidal 
region, ^vhich remains cartilaginous, is flattened laterally, so 
as to form an interorbital septum. 

The nasal passages are shut off from the mouth by palatine 
plates of the maxillse and palate bones, and (in modem 
Crocodiles) of tbe pterygoids as well The tympanic cavities 
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are cfltnpleloly (Milled in liy lione, and thi' Eiietachian passages 
open OH the l>ase of the skull. 

There are air passages conneeted with the tyrajiaBa in the 
quadrate and articular bones, and in the supra-occipital. 

The i>torygoid unites only with the npper end of the qimd- 
rate ; and the hyoidean apparatus is very simple, and not con- 
iiecf^'d directly with the sknll. 

Tliere are no clavic-les. The pubea are greatly iuclined 
forwards, and remain cartilaginous at their syraphysial ends 
throughout life. 

There are five tligits in the fore-foot and four in the hind- 
foot, hut ouly the three pre-axial (radial and tibial) digits hear 
nails. 

The leeth are lodged in distinct alveoli, and are confined to 
the premasilJEe, maxillaj, and mandible. 

The heart has four completely separated cliambers, two 
auricles and two ventricles, bnt the right and left aortte are 
connected by a small aperture immediately above their origin. 
The sclerotic is not ossified. The ear is provided with a move- 
able earlid ; and the male has a grooved penis attached to the 
front wall of the cloaca, the apeTture of which is longitudinal. 

The moilem Crocodiles, Alligators, and Caimans, and the 
extinct Teleosauria and Eelodonts, form this order. 

2. The Laceutilia. — An epidermic and dermal exoskeleton 
is sometimes present, somelimes absent. The dorsal vertebras 
have procceloua or amphiccelous centra; but their transverse 
processes ate represimted by simple tubercles, to which undivided 
proximal ends of the ribs are attached. There are two, or at 
most three, vertebrae in the sacrum. The presphenoidal region 
of the skull forms an interorbital septum. 

The quad]-ate bone is usually movable on the skull, and the 
pterygoid is almost always connected with its distal end. The 
hyoidean apparatus is usually large and complicated. The limbs 
may be well developed, or one pair only present; or absent. A 
pectoral arch, consisting of clavicles and moro or less ossified 
coracoscapular cartilages, is always present. The teeth are not 
lodged in sockets in any recent Laceriilia. 

The heart has three chambers, two auricles and one ven- 



tricle, the cavity of tlio lattor being partially divided, by a 
partitioD, into a right and a left portion. 

There is a urinary bladder, and the aperture of the cloaea is 
tranaveri^e. The males have two eversible penes, one on each 
side of the cloaca. 

The Lizards, the Blindwomie, and the Chameleons, arc 
the best known forma of thia oi'der. 

3. The Ophidia. — The snakes have no dermal, or osaeous, 
exoakeleton. The dorsal vertebra! are always proccelous, and 
have a rudimentary tranaverae process, with wliich the Bimple 
proximal ends of the ribs freely articulate. The front lace of 
each vertebra gives off a wedge-shaped proceaa (zygospbcne), 
which fita into a corresponding pit (zygantnim) of the preceding 
vertebra.* 

There is never any trace of a sternum or of a pectorul arch, 
of a tore limb, or of any sncnini ; but in some few snakes 
{Typhlojis. Python, Tortrise) there are rudimentary hind limbs. 

There is no interorbital septum in the skull, and its lateral 
walls are completely osseous. The cartilaginous irabecula" 
eranii remain distinct and persistent in the adult skull. 

The quadrate bone is always more or less movable, and is 
generally united witJi the skull by the intermediation of the 
squamosal. The rami of the mandible are united at the 
symphysis only by ligament. The liyoidean apparatus is 
exceedingly rudimentary. 

The teeth are never lodged in sockets, and are sometimos 
grooved or canaliculated on their front faces. 

The heart is as in LacertUia. The lungs and other paired 
viscera are usually unsym metrical. 

There is no urinary bladder. The copulatory organs are as 
in Lacerlilia. 

4. The Chelonia. — The Turtles and Tortoises always pos- 
seaa an osseous exoakeleton, which becomes intimately united 
with parts of the endoskeleton to form a doraal ahield, the 
carapace, and a ventral shield, the plasiron. To this are 
generally added epidermic horny plates, which form the so- 
called " tortoise-shell." 

• IndiciitionB of thia 
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The dorsal vertebrre are iramovalily couneeted, and liave no 
transverse procosaes, the proximal ends of the ribs uniting 
directly with the veitebrEc. The spinous processes of most of 
the dorsal vertebrte expand into the median or " neural" pliites 
of the carapace, while the ribs of these vertebra; enlarge into 
its lateral or " costal " plates. All these plates become united by 
sutures, BO that the ribs are immovable. There are no sternal 
ribs, nor any sternum; the place of the latter being in part 
taken by the plastron, which usually consists of nine pieces, 
four pairs and one antero-mediau. 

There are two vertebrfo in the sacrum. 

All the bones of the skull, except the mandible find the 
hyoid, are immovably united together. 

The presphenoid cartilage forms an interorbital septum. 

Both pair of lunba are well developed. 

The jaws are ensheathed in a homy beak, and there are no 
teeth. 

The heart is three-chambered, with a partial division of 
the ventricle, as in the two preceding orders. There is a large 
urinary hlndder, and the males have a single grooved penis 
attached to the front ^^all of the cloaca. 



These are all the orders of existing R^iilia, the following 
orders existing only in the fossil state — 

1. The loHTHYosAURiA. — No exoskeleton is known. The 
centra of the vertebrae are short, broad and bi-concave, and the 
arches remain distinct from them throughout life. Transverse 
processes are represented only by small elevations of the centra- 
Those in the dorsal region are double, and articulate with the 
proximal ends of the ribs, which arc deeply divided into distinct 
eapitula and tubercula. 

There is no sacrum. No sternal ribs, nor sternum, are 
known, but false abdominal ribs are developed as in the Cro- 
codiles. 

The sknll has huge orbits, separated by an interorbital 
septum ; and a long and tapering snout, formed chiefly by the 
premaxillre. The nostrils nre placed close to the orbits. There 
1 is a bony ring in the sclerotic. 



The liiuba are converted into paddles; tlie bonea, from tlie 
humerua onwards, becoming broad and flattifiied, and losing their 
mobility on one another. The phalanges become very nnmeroua, 
and marginal trasicles are added to the pre-axial and post-axial 
edges of the limb ; bat the number of the digits does not ex- 
ceed five. There ia a clavicular arch formed by an interclavicle 
and two clavicles. The pelvis is not directly connected with 
fhf! vertebral column. 

The teeth are lodged in grooves of the premaxillEe, maxillte, 
and mandibles — not in distinct sockets. Their fangs are deeply 
folded. 

Species of the genna lehthyosav/rus abounded during the 
mesozoie epoch. 

2. The PLEST0S4DRIA. — No exoskeleton ia known. Tiie 
centra of the vertebrEe are flat, or sliglitly concave at eaeli end, 
and the neural arches unite with the centra in the ordinary 
way. The dorsal vertebrEe have long transverse processes, 
uu'livided at iheir ends, and articulating with the equally 
simple proximal ends of the ribs. No sternal ribs or sternum 
are known, but there are well-developed i'alse, or exoakcletal, 
abdominal ribs. 

There ia a eacnim composed of two vertebne, and the cervical 
region is often extremely long. 

The snout is produced, and the external nostrila placed far 
back near the large orbits. 

There is no bony ring in the sclerotic. 

Tlie limbs are paddle-like, but the bones retain the normal 
form much more than in the case of the Ichthyosauria. There 
are no marginal ossicles. A clavicubr arcli, formed of clavicles 
and interclavicle, seems to have existed in some species, if not 
in all. 

The scapula has a remarkable form, and sends out a pre- 
glenoidal process, aa in the Ghelonia. 

The genem Plesiosaurua, Simosatirus, NolhosauruB, which 
constitute this group, are mesozoie marine reptiles. 

3. The DiCTNODONTiA.—- These strange reptiJea {Dieynodon, 
Oudmwdon) are known only from strata of triassic (?) age which 
occur in both Africa and India. They are not known to possess 
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any exofikeleton. Their dursal vertehrse lu-e ampluetslona, « 
crocodilian trans v^'rae proeeases. 

The sacrum is Urge, aoti formed by the aukylosia of mtmy, 
flometimes six, vertebrte. 

The cranial and upper facial bones are all firmly fixed 
t<^ether, in which respect, and in the conversion of the jawa 
into a kind of beak, which appear to have been sheathed in 
horn, they resemble the Chelonia. 

Teeth seem to have been absent in some species, in 
others there was a pair of great toatcs, with persistent growth 
implanted in tiie npper jaw. 

Tlie pectoral and pelvic arches were very strong, and the 
limba well developed and fitted to support the massive body on 
land. 

4. The PTEROSA.nRiA. — The flying Lizards of the Mesozoic 
epoch are not known to have possessed any exoakeleton. 

The dorsal vertebrie are p rocoeloua, with crocodilian transverse 
processes: ossified sternal ribs, and splint-Iike, false, or exo- 
skeletal, abdominal ribs are present. 

There is a broad sternum, with a median keel or crest. 

The skull is in many respects very bird-like, bnt the jaws 
carried teeth, implanted in alveoli. In some genera the 
extremities of the jaws are edentulous, and seem to have been 
sheathed with horn. 

The sclerotic has an osseous ring. 

The pectoral arch is extremely like that of a carinate bird, 
but no clavicles have been discovered. The manus has four 
digits, three of which are short and provided with eliiws, while 
the fourth, enormously prolonged and clawies^, appears to have 
supported a "patngium," as in the Bats. 

The posterior limbs are comparatively small. 

The long bones an 1 the vertebra; appear to have contained 
pneumatic cavities, as in many birds. 

5. The DiNOSACElA. — The bony exoskeleton is sometimes 
more highly developed than in the CroeodSia, and sometimes 
absent. The centra of the posterior doreal vertebra are flat or 
sliglitly concave at each end, and they have crocodilian trans- 
verse processes »■ ' '"<. The centra of the anterior dorsal and 
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Ill 

bolihid and Con- 
or more, vertebrae 



of the cervical vertebrat are Eometimes 

vex in front (opisthoeceftms). There are four, 

in the sacnira. 

The pelvis and bones of the hind limb are in many respects 
very like those of birds. No clavicles have been observed, and 
the fore limb is sometimes very small in proportion to the hind 
limb.' 



HI, The ICHTQYOPSIDA. 

The AsiPHiBrA are divisible into four orders — 

1. The Urouela. — There is no exosbeleton. The dorsal 
vertebrae are amphiecelous or opiatlioccelous, and liave single or 
bifid transverse processes, to which short ribs of a corresponding 
form are attached. The single sacral vertebra bus movable 
ribs like the rest, when a sacrum exists. The caudal vertebrte 
are numerous and distinct. The bones of the fore-arm and of 
the leg remain separate, and the proximal bones of the tarsus 
are not elongated. 

This order comprises the Newts and Salamanders, with the 
so-called " perenni branchiate " Amphibia, such as the Proteus, 
Siren, Ac. 

2. The Bateachia. — An exoakeleton is rarely represented 
by dermal ossifications in the dorsal region of the trunk. 
The dorsal vertebrae are proccelous, and have simple and 
long transverse processes, with only rudimentary ribs. The 
single sacral vertebra has wide lateral processes for articula- 
tion with the ilia, and no movable ribs, A styliform ossifi- 
cation takes the place of the centra of the caudal vertebrae. 

The ischia and pubes of opposite sides are applied together, 
and unite by their inner faces. The radius and ulna in the 
fore limb, and the tibia and fibula in the hinder extremity, unite 
■into a single bone. The ealcaneum and astragalus are greatly 



The Frogs and Toads compose this order. 



• In Ig-uaaodim, Megaloeaum', Toiki}irplev,Ton, and Scflidotauriti, tho distal 
end of the tibia extends outwards behind the flbula in a CDaaner whidi is ex- 
treiOBly peculiar and charnateriBtiD ; and the Batragalua is very like that of 
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3. The G-YMSOPHIONA have rounded, worm-like bodies, which 
ate devoid of limha and tail They have scales imbedded in the 
integument. The dorsal vertebrte are bi-concave, and possess 
double transverse processes, with which the capitiila and tu- 
bercida of the ribs articalate. 

The genera GfecUia, SipJtonops, lokthyophis, and Mhinatrema 
belong to tliia order. 

4. The Labtrintuodonta, — The body is salamandriforui, 
with relatively weak limbs, and a long tail. The dorsal 
vertebra, when completely ossified, are bi-coneave, with double 
transverse processes. The ribs have distinct capitula and 
tubercula. 

In the thoracic region, three superficially sculptured exo- 
skeletal plates, one median and two lateral, occnpy the place of 
the interclavicle and clavicles. Between these aud the pelvis is 
a peculiar armour, formed of tow.s of oval dermal plates, which 
lie on each aide of the middle line of the abdomen, and are 
directed obliquely forwai'ds and inwards, to meet in that 
line. 

The skull has distinctly ossified epiotic bones in the same 
position and of the same form aa those of fishes. The cranial 
bones are sculptured, and many exhibit peculiar smooth, sym- 
metrical grooves — the so-called " mucous canals." 

The parietes of the teeth are deeply plaited and folded, so 
as to give rise to a complicated " labyrinthine " pattern in the 
transverse section of the tooth, 

Eemains of the Labyrinthodonts, which sometimes attained a 
large size, are found from the Carboniferous to the Triassic 
or Liassic strata, inclusively. 



The class Pisces is divisible into six orders — 

1. Dipnoi. — There is a skull with distinct cranial bones, and, 
a mandible. The notochord is persistent, and there are no 
vertebral centra. 

There are two pairs of filiform fins, each supported by a 
single, jointed, cartilaginous rod. The posterior pair are placed 
close to the anus. The pectoral arch has a clavicle. 

The heart has two auricles, and true lungs coexist with 
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rudimentary external bmuehife and functional, {leotinnted, 
interna! brancliiaj. 

This order contains only the ■'Mud-fieh," Lepidosiren and 
E/tinocrypiis. 

2. The Elasmobeahchii. — The skull and mandible are well 
developed, but there are ho cranial boues. 

'J'he condition of the vertebral column varies. 

There are two pair of fins, each supported by many aories of 
cartilages. Tlie posterior pair are placed close to the anus. 

The pectoral arch has no clavicle. 

Tiie heai't has one auricle, and a rhythmically contrac- 
tile bulbus arteriosus, which contains striated muscular fibre 
in its walls, and is provided with several transverse rows of 
valves. The gills are pouch-like. The optic nerves form a 
chiasm a. 

To this order belonij; the Sharks, Bays, and OhimtBrw. 

3. The Ganoidei.— The skull has cranial bones, and there is 
a mandible. The condition of the vertebral column varies. 
There are usually two pair of limbs of the same essential struc- 
ture as those of the Elasmobratiehii. The pectoral arch has a 
clavicle, and the posterior limbs are placed clo-^e to the anus. 

The heart and optic nerves are as in the Elasmohranchii. 

The gills and the opercular apparatus are aa in the Te- 
leostei. This order includes tlie Htni'geons and bony Pikes 
{Lepidostem), besides Polypierus, Amia, and numerous extinct 
genera. 

4. The TeleostBI comprises the majority of existing genera 
of fishes provided with a bony skeleton. The skull has cranial 
bones and a mandible. More or less ossified distinct vertebras 
are always present. The limbs, when they exist, have the same 
general structure as those of the Ganoids, but the ventral fins 
vary in position. The pectoral arch has a clavicle. 

The gills are pectinated or tufted ; a bony operculum and 
pre-operculuin and branchiostegal rays are always developed. 

The bulbus aort»B is not rhythmically contractile, and it is 
separated from the ventricle by only a single row of valves. 

The optic nerves cross, but do not form a chiasma. 

5. The Marsipobhanchii includes the Lampreys and Hags. 
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There is a cartilaginous skull, deyoid of cranial bones ; bat no 
mandible, nor any traces of limbs. The notochord is persistent 
and no centra of vertebree are developed. 

The heart presents an auricle and a ventricle. The gills are 
sac-like, and not ciliated. 

These fishes have a distinct brain and auditory organs ; and 
the liver and kidneys are constructed upon the ordinary verte- 
brate plan. 

6. The Pharyngobranchii. — Neither cartilaginous nor 
osseous skull, nor mandible, nor any limbs, are developed. The 
persistent notochord extends beyond the cerebro-spinal axis to 
the anterior end of the body, whereas in all other Vertebrata 
it stops behind the pituitary gland. 

There are no vertebral centra or arches. No distinct brain 
exists, nor any auditory organs. 

There is no heart, but several of the great vessels are rhyth- 
mically contractile. The walls of the pharynx are perforated 
by many slits, and ciliated. The liver is sac-like, and no kidneys 
have been discovered. 

This order is represented by the single species Amphioxus 
laneeolatus. 



THE MOLI,USCA AND THE MOLLUSC'OIDA 



CHAPTER VI. 

THE ORDF.HH INTO WHICH THE CLASSES OF THE INVEBTEBRATA 
ARE DIVISIBLE. 

I. The M0LLU8OA. 

The Cephalopoda are divi'Ied into two orders, the Dihrav- 
chiaia and 1h.e TctTahranchiaia. 

1. Ill the Bibranchiata, the processea ("Arma ") into which 
the margina of the foot are divided are not more than ten in 
nnmber, and they are provided with acetabula, or suckers. 

The funnel ia a complete tube. When a pallial shell is 
developed, it is internal, or enveloped by a prolongation of the 
mantle, and does not lodge the body. The beaks are homy. 
Tijei'e are only two gills ; and there is an ink-bag. 

2. Iti the Tetrabbanohiata, represented by the Pearly 
Nautilus, the processes into which the margina of the foot are 
divided are very much more numerous. They bear no acetabnia, 
but each contains a retractile tentacle. The funnel is open below. 
The shell is pallial, external, chambered, and siplmnoiilated. 
The beaks are more or less covered with calrareoua matter. 
There are four gills, and no ink bag. 

I am not satisfied that any good divisions having the value 
of orders have at present been formed among the J*ieropoda, 
Puimoffasteropoda, Branchiogasteropoda, anil LamelUbranehiata. 

II. The Molluscoida. 
The AsciDioiDA are divisible into three ordexs— 
1, The Branchialia, in which the brancln'al sac is very 
large, in pi'pportion to the intestine and generative viscera, so 
that these usually lie on one side of it. 

1 2 
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This order contains the "Solitary Afit-idiiins," Peropkc 
and the Bolri/Uidte, Pyroaomidx. and Salfidie, 

2. The Abdominaua, in which Iho hrtinehiftl sac occupies a 
comparatively small proportion of the body and lies altogether 
ill front of the intestine and reproduotive organs. Ulavdina, 
Amoroucium, and the remaining "Compound Ascidiims." 

I formerly proposed a third order — the Larvalia — to oontaiu 
Appenditmlaria, nhioli differs from all the rest in ntainiiig the 
larval tail as a locomotive organ, and in many other peculiarities. 
But as, up to this time, all the individuals of this genus which 
have been discoYered have bt'cn males, it is possible that the 
females will turn out to be more couipk-te and of a more ordinary 
type of structure. 

The Beachiopoda. — Of those there are two well-marked 
orders — 

1. Tbe Articulata. — The valves of the shell are connected 
along a hinge-line, which is often provided with teeth and sockets. 
The lobes of the mantle ore nniled upon the dorsal side of the 
body. Tbe intestine ends in a hliml sac. 

The Terebraivlidm, Rhynchondlidm, Spinferidm, and Or- 
thidse, belong to this order. 

2. The Inabticulata. — The valves of the shell are not con- 
nected along a hinge-line. The lobes of the mantle are completely 
separated. The intestine terminates in an anus on one side of 
the body. This order contains the CraniacUe, Disdnidse, 
and Lmgulidie. 



The PoLTZOA are divisible into two orders — 

1. The Phylactoixbmata, — The lophophore, or tentacu- 
lated oral disk, is bilaterally symmetrical, and a process — the 
epistome — overhangs the mouth. 

The Lophophm and Pedicdlinea are comprised in this order- 

2. The Gtmnol(emata have no epistome, and the lopho- 
phore is orbicular. 

This order comprehends the Umatdlm, Pal'idiaellea, Oij- 
dosiomaia, Otenoslomata, and C}mhslomata. 
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III. The C(elenterata. 

Tbe AcTiNOZOA. — I cannot distinguisli more than two 
gi-oupa of original value in this class. 

1. The Ctenophora. — Free swimming organiams, provided 
with symmetricuUy disposed bands of large cilia which Bub- 
serve locomotion. At the end of the body opposite the mouth 
the common cavity opens externally — in some speciea by two 
apertures between which a nervous ganglion and otolithic sac 
may be discovered. The mesenteries are very thick, while the 
intermesenteric spaces take the form of canals. Tbe genera 
Beroe, Qydi^ppe, Cestum, &c., belong to this order. 

2. The CoRALLiaENA. — These animals are organized upon the 
same plan as the Aetinia described above, with variations in the 
number and proportion of the parts, and in the forms of the 
masses which are produced by the gemmation or fission of the 
first-formed individual. Most of them give rise to a calcareous 
skeleton, which may have the form of detached epicula, of a 
solid axis, or of a ikeea or cup for each actiniform zooid, or of 
some combination of these. 

The Actinim, Qorgonice, and coral-forming animals in general 
constitute this order. 



The Hydeozoa. — Three divisions of ordinal value may be 
distingaished among the animals constituting this extensive 
doss. 

1. Tbe HvDROPHOHA. — The alimentary zooid, or polype, is 
provided with numerous tentacles, which are either set round 
its mouth or scattered over its surface. When free-swimming 
reproductive zooids are developed, the genitalia are borne by a 
neeiocalyx, or swimming-bell, the inner margin of the aperture 
of which is produced into a muscular velum. Such zooids are 
always formed by budding, and are commonly called craspedote, 
or gymnophthalmous. Medusa. 

The immediate product of the growth of the embryo is a 
fixed Hydroid, Tubularian or Sertularian Polype. 

2. The SiPHONOPnoRA. — The alimentary zooid never bears 
numerous tentacles around its mouth or on its surface, but such 
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organs are developed either singly from its base, or arise from 
the e»>mmon body.^ gWhen free-swimming reprodnctiTe zooids 
are developed, they are eraspedote Medusae. 

The immediate product of the growth of the embiyo is a 
free Calycophoridan or Physophoridan Polype. 

3. The DiscoPHORA. — ^The immediate product of the growth 
of the embryo is a fixed polype provided with testacies arranged 
on the circumference of the body, at some distance from the 
mouth. When free-swimming reproductive zooids are prodneed, 
they are developed by transverse fission from this primary form, 
and consist of a disk or umbrella, devoid of any velum, from the 
centre of which the gastric apparatus depends. This is oalled 
an acraspedote, or steganophthalmous. Medusa. 

Lueemaria, Cyaruea, Bhizosiomay and their allies constitute 
this order. 

Not improbably a fourth order will have to be added to 
these three, for the Trachymedusie of Haeckel. 

IV. The Annulosa. 

The arrangement of the class Insecta into orders is hai-dly 
to be regarded as complete at present, but several groups are 
very clearly distinguishable from one another. These are — 

1. The CoLEOPTERA, whicb are provided with mandibles and 
maxilla? adapted for masticatory purposes. The wings are 
rarely absent ; when present the anterior pair are converted into 
homy or leathery elytra, which are not used in flight, and serve 
during rest as covers to the posterior wings. These are mem- 
branous and can be folded up longitudinally and transversely. 

Metamorphosis is complete ; a quiescent pupa stage, in which 
the limbs of the pupa are free, being interposed between the 
active larva and the sexual, or imago, state. 

This order contains the Beetles, Cockchafers, Weevils, etc. 

2. The Hymenoptera have mandibles and maxillae adapted 
for biting and cutting. The first pair of maxillae may be produced 
into knife-like blades, and the second pair into a sucking pro- 
boscis. Both pair of wings take part in flight, and are alike 
membranous, transparent, and reticulated. In the females 
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ceitain appendages of the hiuder somites of the abdomen become 
converted into a sting for oHencB and defence, or a borer or saw 
for oviposition. 

Met araorphoBis is complete ; the limbs of the pupa are free. 

The Bees, Wasps, Ants, Iciineumou-flies, atid Saw-flies 
belong to this order. 

3, Tlie Lepidoptera. — The labmm and mandibles are 
aborted, and of the eecon I pair of raaxillte (or labium), only the 
palpi are well developed. The first pair of maxiJlje are 
prolonged, and give rise by their nnion to a tubular suctorial 
proboscis. 

Wings are absent only in the femalts of a few genera. When 
present, both pairs are reticulated and membranous in texture, 
and are eovercd with delicate euticutar scales. 

Metamorphosis is complete. The larvje Lave masticatory 
jaws, and spurious feet attached to several of the somitea of the 
abdomen. The limbs of the pupse are firmly fixed to the sides 
of the body by its outer coat. 

The Butterilics and Moths compose this order., 

4, The DiPTEKA. — The labium {the coalesced second pair of 
maxiilas) is produced and forms the chief part of a proboscis. 
The mandibles and maxillse are converted into styliform cutting 
organs couneeted with this. The maxillary palpi are well 
developed, the labial palpi absent. 

Only the anterior pair of wings is well developed and used 
in flight. They are membranous and naked ; the posterior wings 
are converted into little knobbed stalks, the haUeres. 

Metamorphosis is complete. The larvre are apodal grubs, 
The pupie are either inclosed in the hardened larval skin, or 
resemble those of the Lepidoptera. la the latter case, when 
the pupie are aquatic m habit, they may swim about by using 
the abdomen as a locomotive organ. 

This order contains the Flies, Gnats, and Fleas (the last are 
without wiugs) , 

5, The Hemifibba, — The labium ia produced and divided 
into thi'ee or four joints. The labruin, mandibles and maxillae 
are more or less produced into stylii'orm cutting organs. Neither 
labial nor maxillary palpi are present. 



i 



120 



INTRODUCTION TO fLASSIKR'ATION. 



The anterior wings '"f^y be more or less iligHimilar to the I 
posterior, and simulate elytra. 

Met amor phoBis is incomplete ; that is, the insect remaioS'l 
active thn)iigh all its chanj^es, from the larval to the perfect I 
condition, except in the case of the male Coceidas, which nndergo I 
a complete metamorpliosis. 

The Bngs, Cicadas, Liintern-flioa, Plant-lice, Cochineal Insecta 1 
and Lice belong to this order. 



The proper grouping of the insecfa which do not fall into I 
any of the ordei's which have now been mentioned is still a I 
matter of doubt. 

Those with a complete metamorpbosis have been distinguisbed 

under the following heads — 

1. STiiErsiPTF.RA. — The jaws are abortive and nBelesa for I 
moBtication. The maxillary palpi are present, while those <tf | 
the labium are absent. 

The anterior wings tire represented by twisted rudimentary I 
appendages of the raeeothnrax. The posterior wings are large, 
folding longitudinally. 

The larvoi, which are parasitic on the bodies o( Hymenoptera, 
are at fifst aix-legged and active, but lose tiieir liinba and I 
become vermiform. 

The females remain in tbis condition throughout life, while I 
the males undergo a complete metamorphosis and are extremely ( 
active in the imago state, 

2. Trichoptera. — The jaws are abortive, but botb maxil- I 
lary and labial palpi are developed. 

The wings are dissimilar, bairy or scaly ; the posterior wings 
are usually folded. 

The larvse resemble those of the Lepidoptera. They bave \ 
masticatory jaws and are aquatic, constructing cases in wbich 
they reside and eventually undergo their metamorphosis. They 
commonly breathe by tracheal gills. 

The Caddis-flies exemplify this group, 

3. Neuropteka. — The jaws are well developed and masti- 
catory; both maxillre and labium are provided with palpi. The i 

ics are similar and membrfinous. 



Motamorpliosis ia complete ; a quiescent pnpal condition 
being interposed between the larval and the imaginal states. 

The Ant-Iions,Lm'e-flies, and Scorpion-flies are included nnder 
this division. 

Of tile remaining insects, which have an incomplete meta- 
morphosis and masticatory jaws, many have been included under 
the head of 

4. Orthoptera. — But the assemblage is a very miscel- 
laneous one, and contains a number of remarkably different 
types, of ^ihich the chief are — 

a. The restricted Orthoptera, which have the anterior 
wings coriaceous and elytra-like, the posterior wings mem- 
branous and folded. 

These are the Cockroaches, Mantides, Leaf and Stick 
lusects, Grasshoppers and Locusts. 

h. The I>erma,t(yptera. — The anterior wings are converted 
into elyti-a ; the posterior membranous and doubly folded. 

The EarwingH alone are contained in this group, 

c. The Corrodeniia, or Termttinse, have the fore and 
the hind wings similar and not folded. 

The genus Termea, which belongs to this division, in- 
cludes the so-called " "White Ants," whosa destructive 
ravages are so well known in tropical countries. Besides 
sexual individuals, there are two sexless forms, termed 
" soldiei-s " and " workers." The male and female Ter- 
mites alone have wings. The hinder wings are not folded, 
and both pairs fail off after copulation. 

d. The Perlarim have membranous hairy wings, the pos- 
terior folded lengthwise ; and aquatic larvoa, with more or 
less distinct tracheal gills. 

e. The Ephmieridx, or Day-flies, have the jaws mdi- 
mentary ; tlie posterior wings not folded, much smaller 
than the anterior, or absent. 

The larvfe are carnivorous, with well-developed jaws and 
tracheal gills. The imagines undergo eedysis after leaving 
the pupa, in which circumstance they stand alone among 
insects. 
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/. The LibeJlulidff, or Dragon-flies, have well-rleveloped 
jaws and are predaceous carnivores. The wings are similar, 
membranous and ruticulated. 

The larva) are provided with tracheal gills, and are as 
pi-edaceons as the imagines ; the labrum being converted 
into a peculiar mask-like apparatus. 

The wings of the Libdlulidae are moved by muscles 
which are attached directly to them ; and the males have a 
|Hx;uliar copulatory apjiaratus attached to the ventral 
portion of the second somite of tlie abdomen. 

Three groups of insects, with incomplete metamorphosis, 
remain, which do not fit well into any of the preceding assem- 
blages — 

a. The Physopoda, comprising the genus Thrips and 
its allies, have a proboseidiform mouth, styliform man- 
dibles, and maxillae united with the upper lip. Both maxil- 
lary and Libial palpi are developed ; the wings are similar 
and unfolded. 

b. The Thysanura have biting jaws, no wings, and scaly 
bodies. Some possess a peculiar springing apparatus de- 
veloped from the abdomen. 

^riio genera Lepisma and Podura belong to this division. 

c. The McdlopJioffa, or Bird-lice, have masticatory jaws, 
are devoid of wings, and live parasitically, chiefly upon 
birds, whose feathers they devour. 

The Myriapoda are divided into two orders — 

1. The Cpiilopoda (Centipedes) have the head and the seg- 
ments of the body broad and depressed, and each segment bears 
only one i)air of limbs, which are separated by a broad sternum. 

The apoi-ture of the organs of reproduction is situated at 
the posterior extremity of the body, and the males have no copu- 
latory organs. 

2. The Chilognatha (Millipedes) have the head and seg- 
ments of the body rounded or compressed. All but a few of the 
most anterior segments bear two pairs of limbs, attached close 
together upon each side of the middle line. 



THE AHACHNIDA. 

Tlio reproductive aperture and the copiilatory organs of the 
males are situated ou the vDiitral aurface of the Beeond to the 
seventh segments of the hody. 

The Ahaghnida are divisihle into six orders— 

1. The Aetheogastra have the abdomen distinctly divided 
into somites, and passing by & broad base into the cephalo- 
thorax. Eespiration takes place in some by lung sacs, and in 
some by trachea. 

Scorpio, Ohelifer, Phrynus, Plialangium, Qahodea, are the 
principal genera embracerl by this division. 

2. The Aeaneina (or Spiders) have the abdomen not seg- 
mented, and connected with the cephalothorax by a narrow 
peduncle, The antennae are 8ubchelat«, The mandibular 
palpi are filiform, their extremities being peculiarly modified 
in the males. The two pair of maxilla are leg-like. 

Four or six conical papillra are situated on the ventral 
surface of the abdomen, in front of the anus, and give exit to 
the secretion of the silk glands. 

There are two or four pulmonary sacs, and two stigmata 
connected mth trachea. 

3. The AcARiNA (or Mites and Ticks) have the abdomen 
unsegmented, and passing without any constriction into the 
ceplialothorax. 

The ports of the mouth are frequently converted into a 
suctorial apparatus. When distiuct " respiratory organs are 
present they take the form of tracbeee. 

The foregoing are what may be called the typical Araohnida ; 
the thi'ee following orders are aberrant forme — 

1. The fresh-water AitOTiaCA or Taediorada (Water-bears), 
are minute animals, which have no distinct abdomen, the 
vermiform body representing the cephalothorax, whicii possesses 
four pair of rudimentary limbs. The fourth pair are completely 
posteiior. 

Tile mouth is a suctorial tube, containing two stilleta, 
There are no respiratoiy or circulatory organs, and the sexual 
apparatus is hermaphrodite. 
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2. The Pycnooonida are inarino, ami also have the abdomen 
rudimentary ; but tlio legs, of wiiieh there are four pair, are 
enormously long, and many-jointed. There is a chambered 
heart, but no respiratory organs. The stomach sends ceeeal 
prolongations into the legs. The stxes are distinct. 

3. The Pentastomida have long, annulated, vermifomi 
bwlifS. Two hooks, representing limbs, are placed upon each 
Bide of the mouth at the anterior end of the body. There ate no 
respiratory or circulatory organs, and the sexes are distinct. 

In the embryos, the anterior jmrt of the body is provided 
with four short, articulated limbs; while, posteriorly, it is pro- 
duced into a relatively short abdomen. 

These are parasitic animals. Petitastotna tiemoides, which 
Uvea in the frontal sinuses of the dog, is the sexual form of P. 
denliculalma, which is found in tlio lungs and liver of Babbits, 

The Orders of the Crustacea are — 

1. The PoiioPHTHALMiA. — These have twenty somites in tlio 
body ; a carapace developed from more or fewer of the thoracic 
somites; brancliise attached to the thoracic limbs or somites, 
and a short more or leas quadrate heart. With rare exceptions, 
the eyes are placed upon movable footstalks, 

Tliis order contains the Crabs, Lobsters, IShrimps, and 
Dianiylidm, 

'2.. In the BiiANt'HiOPODA, the body is composed of more or 
fewer than twenty somites. The thoracico-abdominol appen- 
dages are foliaceous, and resemble the anterior maxillipeds of 
the Podc^hthalmia, The carapace, if present, is altogether 
cephalic. The heart varies. 

Nebalia, Aptis, Branehipus, Dapknia, belong to tliis order. 

3. The OsTnAL'ODA posaeaa a iiurd, bivalve, hinged carapace. 
The total number of appendages, including those attached to 
the hood, does not exceed seven pair, and the thoracic limbs 
are strong legs. The antennte are similar in form and function 
to the latter. The abdomen is altogether rudimentary, and there 
is no heart. To this order belong the genera Ct/pris and 
Cythere. 

4. The Feotostraoa are Crustacea which are fixed in the 
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adult condition, but leave the egg ae actively locomotive larvie, 
provided with a discoid carapace and three pair of appendages, 
whit^h represent the antennules, antennfc, and mandibles of the 
higher Crustacea. After a time, these lame monlt, the cara- 
pace becomes bivalved, the antennules are converted into 
organs of prehension, and several pair of paddle-lilte thoracic 
limbs appear. The further state of the iarvas differs in the two 
principal subdivisions of this order. 

In the Bhdzocepkala, which aie parasitic upon other Crus- 
tacea, the anterior region of the body gives ont filaments, which 
grow like roots into the body of the animal which bears the 
parasite. 

In the Cirripedia the larvje first adhere to foreign bodies 
by the suckers developed npon the prehensile antennBe, and 
then glue themselves in this position by the secretion of a 
" cement gland," The anterior part of the body next becomes 
enlarged either in breadth or length, or both, into a peduncle ; 
and, usually, definite calcifications occnr in the carapace. 
The thoracic limbs of the larva are commonly preserved aa 
six pair of cirrated appendages, and the animals are very 
generally hermaplu-odit«. Sometimes, however, they are 
ditecious ; and some of the hermaphrodite forms have " supple- 
mental males." 

The " Acorn Sliells " and Barnacles are common examples 
of Cirripedia. 

5. In the Stomapoda the axis of the ophthalmic and an- 
tennulary somites is parallel with that of the body generally, 
and these two somites are ordinarily movable on one another. 
There is a carapace developed from the head. The eyes are 
on movable stalks. The heart, elongated and many-chambered, 
extends through the abdomen. The branchise are attached 
to the abdominal appendages. 

To this order the Squills belong. 

6, The Edriophthalmia have sessile eyes. At fewest, five 
of the posterior thoracic somites are free and movable, and the 
anterior pair of thoracic appendages are converted into foot- 
jaws. There is no carapace. The heart is many-chamhered, 
and the branchiie may be thoracic or abdominal. 
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Most of these nrc oqnutic and marine animals ; the Wix 
lice am their terrestrial rcpresentativee. 

7. Tlie Merobtomata. — The body ih dlTided into ao anterior 
shield-shajicd portion, which bears the sessile eyes on its upjx^r 
surface ; a middle part is formed by the rest of the somite^ of 
tho body, and there is a terminal broad, or Rpine-like, telson, 
In the living King Crab (LivMlus) th(=re are thirteen pair of 
appendages. The fire anterior pair belong to the bea<l, but all 
have tlie form of locomotive limbs. The five posterior pair are 
broad lamellee, united in the middle line, on the posterior faces 
of which the pills are borne. The heart is elongateil and eight- 
chambered. In tha exliiiiit Eury^iterida only the head ia pro- 
vided with distinct appendages, and, of tlieae, the posterior pair 
are stylifonn, or paddle-like, swimming organs, 

8. The CoPEPODA are minute aquatic cniBtaceans, which 
inhabit both the sea and fresh-water. Many, like the com- 
mon Cijdopa, are actively loc-omotive animals, while many, 
on the other liand, are among the most sluggish and strangely- 
modifit'd of fixed parasites. These last have been termed 
E^xoa. 

The locomotive forms have not more than eighteen so- 
mites in the body, the anterior part of which is covered by a 
carapace provided with a siiigle, or double, median eye upon its 
dorsal aurface. The ontennules are largo oar-like appendages, 
and lire the chief agents in locomotion, which is aided by the 
paddle-like jiosterior thoracic members. 

The heart is short, and there are no distinct respiratory 
organs. The sexes are in distinct individuals; the female, 
among the parasitic forms, being often very much larger than the 
male. The larvte leave the egg as oval bodies, provided with 
two or three pair of oar-like limbs. 

9. The TitiLOBiTA are Crnstacea which, like the Eartjjtterida, 
have been extinct since the paleozoic epoch. The form of the 
head is as in the Merostomaia ; in most cases it beara sessile 
eyes of a similar character. On its under surface a large labrum 
is attached, but no jaws or other appendages have yet been 
discovered, and the ventral wall of the body seems to have 
iKjen completely membranous. The cuphalic shield is dis- 
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tinijuiBlied by the prcsfince of a suture dividing its median fi'oin 
its lateral regions. 

The Annelida are primarily divisible into two groups — the 
Chxiophora and the Siseophora. The former has probably 
more than a merely ordinal value. 

1. The Ch^tophora have cbitinons 8etie developed in sacs 
of the integument. These are sometimes merely implanted 
in the walls of the somites, at others, they are borne by distinct 
nidimente of limbs, or parapodia. They never possess suaker- 
like organs of adhesion. 

T!ie Erraniia and Tubicola, the Earthworms, (md the 
Gepkyrea form this division. 

2. The DiacoPHORA (or Leeches) never possess parajiodia 
nor lateral series of aette occupying their place, but tliey are 
provided with one or more sucking disks. 

V. The Anhuloida. 

The groups comprehended under the title of the Scolecida 
are probably of greater importance than orders, but lor the 
present I shall take them as Ruch. 

1. The Tkematoda (or Flukes) possess an'alimentary canal, 
but are always devoid of an anus, and are usually provided with 
one or more suckers for adhesion to the animals in, or on, which 
they are parasitic. The body is not covered with cilia in the 
adult state, nor is it segmented. There is only one set of 
sexual organs — usually hermaphrodite. The larvse are often 
tailed or eercariform — never provided with three pair of 
hooks. The species have asexual conditions, but are never 
" cystic." 

2. The TiGNlADA (or Tape Worms and Bladder Worms) 
possess no alimentary canal. The anterior end of the body is 
provided with suckers, hooks, or foliaeeoua appendages, or with a 
combination of all three. The hermaphrodite reproductive 
organs are serially repeated, many times, in the body. The 
larvie are oval, and provided with three pairs of hooks, arranged 
in bilateral symmetry. Beside the 'cestoid" sexual forms, 
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there are '* cystic " apoxual eonditions of most, if not all. 
.species. Tlio T/eniada are internal parasites. 

3. Tho TrRBET-LABlA are non-parasitic. Their ilnttened or 
elongated bodies are covered ftith cilia tliroughout life, and are 
not provided with snclterB. They may he hermaphrodite or uni- 
sexual. To this ord(>r bilong the genera PJanaria nnd Nemeries. 

4. The AcANTHOCEPHALA are nnsogmented, vermiform, in- 
ternal parasites {Eckinorhynehus), devoid of any alimenlary canal, 
and adhering by meana of a proboscis, which is covered with 
epines. The sexes are diatiiict, and there ia only one set of repro- 
ductive organs in each individual. 

5. The Nematoidea (or Thread Worms, including the 
Gordiacea) have vermiform non-ciliated bodies, devoid of seg- 
mentatioii. The integument is dense, nnd beneath it lies it 
single layer of muscles, usually divided into four longitudinal 
bunds. The intestine is straight, extending from the mouth, 
at the anterior end of the body, to the anus, which is more 
OP leas near the posterior end. In some few species the intes- 
tine is abortive. The sexual organs are tubular glands, open- 
ing externally by a single aperture, and aro usually lodged 
in distinct individuals. The embryo at once takes on the 
form of a worm. 

There are both free and parasitic Nematoids, and some 
species pass part of their lives in the one condition, and part in 
the other. 

6. The HoTlFERA (or Wheel-animalculea) have subcylin- 
drical bodies, more or less distinctly annulated. The oral cn<l 
is provided with cilia, arranged to form the chief locomotive 
organs, but there are no cilia on the rest of the body. The 
alimentary canal is provided with a peculiar gizzard. The 
sexes are diatiuct, the males being frequently smaller than the 
females, and having the alimentary canal abortive. 

The Echinodermata may be divided into seven ordera— 

1. The EoHiNiDEA(or Sea-urcliins). — The body is sphei-oidal 

or discoidal. There are five main ambulacral tubes, which 

extend from the mouth to tlie apex, or summit of the opposite 

3 of the body. The corona or main part of the skeleton ia 
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1 of, 1, Series of plates whicli lie superficial to the 
ambiilacral canals, aud are called ambulacral, being perforated 
for the canals of the feet. 2. Plates which lie between these 
series, and are termed interambiilacraL 3. Five ocular and five 
genitnl plates at the apical ends of the amimlacral and inter- 
ambulaeral series respectively. 

The larvffi are pliiteiform, and have a skeleton, 

2. The HoLOTHDRiDEA (or Sea-slags). — The body is venni- 
foim. The arabnlacral tubes extend, afi io the Ecfainidea, from 
mouth to apex, but there are no rt^ular ambulacral and iuteram- 
bulacral plates. The genital organs liave a single aperture 
towards the anterior part, of the body. 

The larvte are vermiform, and have no skeleton, 

3. The AsTEBiDEA (or Star-flslies). — The body i? pent^^nal, 
or stellate, aud depressed, the mouth being in the middle of one of 
the fiat sides. The ambulacral tubes extend only to {he estreme 
boundariesof the oral face of the discoidal body. Hard plates, or 
ossicles, articulated t<^ether, constitute the skeleton, and a double 
row of these lies on the deep side of the ambulacral canals, which, 
on the superficial side, are covered only by the integument. 

The larvsB are vermiform, and have no skeleton. 

4. The Opjiiuridea (or Hand-stars). — The body is depressed, 
and gives off five arms of a different structure from ilaelf. 
Each presents a central axis, formed by a chain of quadrate 
ossicles, and, for each ossicle, a zone of four superficial plat«8, one 
ventral, one dorsal, and two lateral. The ambulacral vessel lies 
between the ventral platt'S and the quadrate ossicles, and only 
extends to the summit of each arm. 

The larvffi are pluteiform, and have a skeleton. 

0. The Cbinoidea (or Feather-stars). — The body is cup-liie, 
sometimes stalked and sometimes sessile. It givoB off a 
variable number of arms (usually five). The mouth is placed in 
the middle of the cup, and the principal phites of the skeleton, 
wliich are regularly articulated together, are developed on the 
opposite side of the body to that on which the mouth is situated. 
The arms are provided with articulated lateral processes or 
pinnules, clothed in a broad membrane, in which the reproduc- 
tive organs are placed. 
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The embryo ia free and ciliated, nnd developes withiu 
itaelf a eecoud larval form, which becomes fixed by a peduncle. 

The Crinoids are so different from the other living Eehino- 
dermata that they ^vill probably have to form a distinct 
primary division, or sub^jlasa of the class ; and this may possibly 
be the case with some of the following extinct forma, 

6. The Ci'sTiDEA. — The body spheroidal or ovoidal, inclosed 
in Buturally united plates, and stalked. At the opposite end 
to the stalk is a terminal apei-ture, surrounde i by arms ; and on 
the side of the body another larger aperture, closed by a pyramid 
formed of triiingiilar plates. 

7. The Edkiastekida. — The body depreBsed,hemiapheroidal, 
inclosed in suturally united plates, but not stalked. In the 
centre of the convex face is an aperture from whence five am- 
bulacra radiate : between two of these is a pyramid lilie that of 
the Cystidea. 

8. Tlio Elastoidea. — The body is inclosed within suturally 
united plates, and stalked. There is no pyramid. A central 
aporture appears opposite the stalk, whence five ambulacra with 
a \ery complicate)! structure radiate ; in four of the re-entering 
angles, between the ambulacra, is a pair of small apertures ; and 
in the fifth, two small apertures, with a larger one between them, 
are placed. 

These three groups have been extinct since the latter part 
of tlie palaBozoic epoch, 




Abuokbm (abJere, to conceal), in Mammalia the port of Ute tronk below the 

diaphragm; in Jnsfcfa the thiid coaleBoedBegment of the bodjof the Jmoifo, 
AoALEi-ms (oKoxii^, a nettle), jelly-fish; they fonnedBcluss of Cnvier's Badiata, 

and arc now included nnder Hj/dnaoa, 
AoAMTHOCEPBAiJi (inai-Ba, B, thom ; jrt^oAi, huad), a group of ScolBcida. 
AcABiMA (fiicafu, a mite— Arist. Hint. An. v^ ssaii. 2), an ordor of Arachnida. 
AoGTABULiJil, a Tinegat bowl (ooc^um), applied to the socket of the higvjoint in 

Feriebra/a, and to the snokera on tbe tentacleB of Cephalopoda. 
AoTlNOiOA (irrls, a ray ; C""''. *" aoiaiBl), a class of CtBleoterata. Cf. Anllioma. 
AuBFHESon) (ofa, a, wing ; o-iji^i', wedge ; ^ot, form ; the lateral part of tho Bticond 

oranial eegment. the greater winga of the sphenoid bone in Man. 
Allantoib (SAAor, a saoaage). a fcetal membmnp of Amniotic Vertebrata. 
Alveolub (.dim. of alcai, belly , a hollow cavity, specially applied to Ihe socket* of 

teeth. 
Ahbulacbuu, a garden walk (ambulaTt), applied to the perforated spaces which 

ran from the apex to tbe base of a seu-urcbin. 
Amdsa (finmS'tt, a change), one of the Protozoa which la continually changing its 

form ; hence it waa formerly called Protpus. 
AjtPHlBU (J^^'pl, both; 3fos, life;, living on land and water, and so applied bj 

Linnsna to Reptiles and by others to Seals (Pinn/peiffa), but now recognised 

as the title of a class of Vertcbrata, Cuvict's Batrachia, which at aatae time 

or other can breathe either in air or water. 
Ahphtoxcb (&^r,bot]i; ofiii, sharp), the generic name of a fish, the only member 

of the order Fharyngobranchii, which haa no enliugement of the brain or 

sknll, and therefore tapers nearly equally at eac^ end. 
Amfhipoda iiii4i'', both ; rats, foot), a group of Cruttaeea in which the feet aerved 

both for walking and Swimming, included under Edrioj^ithalmia, 
Anaixwy {ayoAorfa, pruportlon). the relation between parts which agree in 

function: as tbe wing of a bird and a butterdy, the tail of a whole, a fish and 

a sagitta. 
ANKTLoats (JyniAaiffit)— sometimes written anchylosis— in anatomy, the ooalci- 

conoe of two bones bo as to prereot motion between them. 
Aotjeuda or " Annulntn " (annelitH, dim, of anuliu or anmdui, a ling), a claw of 

Amn^ia, 
ANNCi/je* (annufu*, a. ring), a primary diviaionof the sub-king<loiii,<!orreBponding 

with Cavier'a Arliadata. 
AHOFLOTHEKitM (a prfvative ; »ir\oi', a weapon), an estinct genus of maiuiual' 

unprovided with horns. 
AsTHHJiA (the yard of a ship), applied to the appendages of one somite of the head 

K 2 
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in Insects, and two in Crustacea, the anterior in the latter case being dis- 
tinguished as Antenntdes. 
Anthozoa (JiyOos, a flower ; (&ov, an animal), a class of Goelenterata, otherwise 

called Actinozoaj and formerly ZoophyUiL, or animal plants, corresponding 

partly to Ouvier*s Polypi. 
Apteryx (& priv. ; irr/pvl, a wing), the wingless bird of New Zealand, one of the 

Ratitm, 
Abaohnida (apaxyVi ^ spider), a class of arthropodous Annulosa. 
Abaneina (araneaj a spider), an order of Araehnida. 
AjtoofiOPTERTX {dpxo^osj ancient ; irripv^, a wing), an extinct genus of birds, the 

only representative of the order Sawrurx, 
Abotisoa (&f)«rrof , a bear), an order of Araehnida, known as water-bears, otherwise 

called Tardigrada, 
Abthbooastra (SpBpov, a joint; yourrhp, belly), an order of Araehnida with 

distinctly jointed abdomens. 
Abthbopoda i&pdpov, a joint ; iro6s, a foot), those Annulose classes which have 

jointed limbs. 
Abtioulata {artictUui, dim. of artu$, a joint), animals with jointed bodies, other- 
wise called Anntdosa. 
Artiodactyla (Apriof, even ; idicruXos, a finger or toe), an oi-der of Mammalia^ 

with the toes of the feet either two or four in number: it includes the 

Buminantia and some of the Fachydermata of Cuvier. 
AsoARis {hffKapls, a maw- worm), the **r(»und-worm,*' one of the human Entozoa. 
AsoiDioiDA (dffKSs, a bag), an order of Molluscoida, otherwise called Tunieaia, 
AsTEBiDBA (do'T'fip, a star, a star-flsh — Arist. H. A. v., xv. 20), an order of 

Echinodermata. 
AsTBAQALUs (iuTTpdyokos, a huckle-bone), the tarsal bone which articulates with 

the tibia. 
Atlas ("ArXay, the god who holds up the earth), the vertebra which articulates 

with the skull. 
Atmum (a hall), applied to the cavities peculiar to the MoUuacoida, 
Auricle (auricula^ dim. of auria^ an ear}, ajiplied to an appendage of the heart in 

Mammals, and thence extended to the cavity of a heart of whatever form 

which receives blood and propels it into the ventricle. (This cavity is 

generally called atrium in Cierman works ) 
Axilla (the long form of ala, a wing, as maxiUa of mala), the arm-pit. 
Axis (&!»>')) a pivot : the second cervical vertebra on which the skull and atlas 

commonly rotate. 
AzTGOS (a priv. ; (vySv, a yoke, a pair), an organ in the 'middle line of a bilaterally 

symmetrical animal, which has therefore no fellow. 
Baleen (hdUena, (paWaiya, a whale — Arist. H. A. i., v. 2), the homy plates which 

line the roof of the true whales' mouths, commonly called whalebone. 
Basioooipital (Itasis, oh, caput), the centre of the first cranial segment, corre- 
sponding with the basilar process in human anatomy. 
Basisphenoid (fiiffis, a'<i>T]vo€iB'fis, wedge-shaped), the centre of the second cranial 

segment of the skull, corresponding with the body of the sphenoid behind the 

Sella Turcica in Man. 
Batrachia (fidrpaxos, a frog), an order of Ouvier's system, which corresponds 

with the class Amphibia ; now used as an order of this class, corresponding 

with Anura, or tail-less Amphibia : v. Ubodela. 
Belodon (fi4\oi, a dart ; 6Bois, a tooth), an extinct genus of Crocodilia. 
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Bi.ABT(irati<u (_ff\airrii, a aproot : Sfyiu^ skin), tlie saperfloial mirboe of the embryo 

in ita cnrlicHt Fotiditiou. 
Blasiuidea (jSAwrrifi, B. epioat ; tJtoi, appeeuunoo), an oxtinot order of Ei<hi<no- 

dermnta, 
BOTHBBNOKPHALFE (fiiifljiot, B pit ; iMf a\^, hesd), tho brosd-WOTdi, a gOQua or 

Tamiada, 
Bbachiopoda (ppaxl"', tho tLtla : rois, foot), a. cliisB of Mdlitneoidn, formerly called 

Palliobraiir-liUUa from a mistaken theory Uiat their mantlti nota as a reepiralory 

Bbaot Qrraeica, a thin layer of motnl or wood), applied in awlngy to part of a 



the bract or eheath of Buwere. 

!enuB of Edaitala. the elofha. 

-Arint. H. A. *iU, ii. B; yturrip, Iwlly ; 

ntolluska which breatho by gills, 

it), an ordor of Criulafea in which the foet 

1, It includes the oi 



hydrozoon, from 
BaiDYPin (BpoJii, alow ; Tioii, foot), a 

BllAIJCHlOaABniBDPDUA (^poyX'^ gi^S 

irouT, fuot), a clasa of gBEteropodoa 
Bbanohidpoda CflpiTxin, gilla; itoit, fc 

are inodiSed to serve for respiratii 

Cladocera of Milne- Edwards. 
BaiHCHiO-BTEfiAI. niyfl (Bpayx'Oi gii'^ ; o-T^yat, to cover), parts of the hyoid 

appflratua in fish wliioh support the memlirane covering tho gilla, 
Btsgdi (fiiaaos, fine linen), silky threads «ccreled from tho mantle of some 

Molliiska. 
Cadcootb (eado, fall), formed so aa to fall offl 
Cmcvm (e<j. I'ntestittum), a blind process of tho alimentary eanaL 
Oalcanedu, or oi calcU (catr, the heel), the bone of tho Uiriui which forms tiio 

prominence of the heel or hock. 
Oabine (doM coninui), the eye-tooth, vfell developed in dogs and otiier camivom, 

defined as that which oomea next to tho prtemaxillary suture iu the upper 

jawof Mammals and tliat of the mandible which shuts in front of it. 
OABINAT.C iaarina, a keel), an order of Birds whieli have tlie slcinu raised into u 

median ddge or koel. 
Oauhivdba (caro, flesh ; vorare, to devour), an order of Manmiulia. 
OiflPCB {itafiris, tlie wrist), the bones between the fureaim and the hand, uansJlj 

eight in number in the higlier VerlAiTata ; the wriat in Man, the " knee " in 

the Horae. 
Cei.l (aBo, a. small room), often applied to any small cavity, but properly 

restricted to a microscopic aniitomii'al element, with a nucleus, cell-wall and 

cell-contents, when typically formed. 
CBNTRrM (kiWimv, a prick, made by one leg of a pair of coiupMseaj, a ccntrei 

appliud specially to the "bo.lies" of vertebral. 
CEPUALoroDA (ntfKiA^, head ; tdAs, foot), a clsss of Mollusks. 
OEFUALDTaoRAX (_Kfij>aKi, head ; e^pof, breest), the united head and tborai of 

CnMtacflu and Arachniila. 
CEBCABiFonu, like the Cercaria (WpKot, tuil\ an iiquiitic norm which i» uno Htage 

in the development of a Trematoite Qnke. 
Cetaoea (k^toi, a whale), an order of Mammalia. 
Chstoonatha (■xaiTii, hair ; ytiSas, the jaw), a class of Aiintdoiia of which the 

genos Sagifta is the only i^resenlative. 
Cu£mpHO[iA {xatr^, hair ; 4>^pu, bear), nn order of Annelida provided with bristlei. 
CautltoPTEKA (xe'p, band : mipit, wing), an urdcr uf llammalia. 
Chmji (x^a^, daw), the modified fourth pair of thoracic llraba in Lobsters and 

their alliee, the modified mandibles in Sccrpions. 
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CiisiACEBx 'xiAWi clfw ; K^pas, Imro, antenna^ the nrndifiod aufcnum of BcorpionH. 

Cbelonia (x<A.^vi], a tattoiac), ui order of Roptiles. 

Chiaska (xi'mr/to, « CMeeing, ft, x^^f^t to mark with n x>, the oomiiiiBsimj of the 

ojitin Derrea which takes place in mogt VerMirata, 
t'niuMNATHA (xflAat, lip ; TniSot, jaw), an Dider of Mfriapoda otliorwine known 

as DiplojHida. 
CuniOPODA (xEi^oi, lip : woili, foot), iw onier of Myriapodn, otherwiBO Syiujnaiha. 
Ohiujira (xW'^i a monstoT like a goat), a genus of Elafflnobrencbjate fiahes 

which baa been mado into a saparste familj, tho HoXoctphaU. 
Omitin (xiTiir, a tunic), the horny ooTeiiug of luaccts and other AntttiJota. 
Cblobophtll ij(\ixpis, green ; ipiKKm, leaf), the culuuTing matter of leaves. 
Choeion '.x^piof, a akin — Lat. coHum), tlio vascular membruno wliich florroiinds 

a Tertebate foitus. 
CiCATKtot.'LA (dim. of cicaMz, a sost), the opoque spot on the aurfaw of a 

fecundated yelk. 
Cilia (pi. of iH7fu?». an I'jeliulO. miarosc^pic filaments which tnove iliythinioalty. 
CmsiFEniA (cirriM, a carl of hair: pety a foot), a gronp of OunfooHi in wliioh 

Boveral of the legs become cirrous : pla<w<l by Caviar among the MoUtana. 
Claviclb fdamicula, dim. of datjit, a key ', the collar-bono of the pectoral arrh or 

xhoulder ginllo in Yvrlebrata, in birds eallod (be niDrrythoaght. 
Cloaca (a sewer), the common duct into whioh tho rwtnin, nretbiu and genital 

oanals open in the Bauro}itida and Monolremata. 
Cdoulba (Kox^lai, n snail), applied In part of the intGrnal ear in the higher 

Vertehmla, from its spiral shape in Man. 
CmuoiTEnATA (mlApi, hollow ; Cmpa, viscera), a group of animals which differ 

from those below thorn in having a hollow digestive cavity, 
CCBVOSABu (xoiyit, cotnmon ; 'ipl, flesh), the eonunon iitam of a hydroid poly- 

ConniRCB (Koif6s, obpi, tail ), the hydatid form of the wandered scolcx of ihe dog's 

lapewonn with its dento-scolices attaetied. 
CoiM)FniHA {HBtjit, a sheath : intp^i', a wing), an order of Insects with tho 

merobcanouB wings (second pair) incloaod in sheaths formed by tho tlj/tra. 
OoLVKEt.i.A (dim. of colamna, a pillnr). the hone of the ear present in several 

Ampliibin and most Bauropsida, which answrrs to tha ilapea in Mammalia. 
OoMDTU: iitivSo\os, a knnckle), the articular surface of a bone, especially of the 

OBCijntt, 
OoFEPODA (KiiiOT. su oar ; itoii, foot), an order of Cnulanea, inohiding-, beside the 
group HO DBraed by Latrcille and Miloe-Edwonla, most of tho Epizoa or 
Ichthij/ipliOiira. 
CoRAOoiD inipa^, a crow, Jrom its reni-mhlanr-e to a crow's beak in man), the 

second clavicle found in Reptiles, Bijde, and Moitotrcrnata. 
O0BAIJ.1QENA (icopifAAiDi', coral ; y"/-, root of yiyvaiiat, prodaoe\ an order of 

Adinraaa. 
CoRPTH Callosum. " Ihfl firm body," the great transverse commissure of the 

cerebral hemispheres in Xammalia. 
CoHRorBNTiA (cDii Rnd nHiere, gnaw), the family of inseiits to which the destructive 

"white Buts" holong. 
CoBTicAL (fiorlei, hark), cstemal — opposed to medullary. 
OOTVLKDoN (KOTu\TjS(i»), n cup-shaped hollow, applied in anntomy to the tufts of 

a ruminant placenta. 
Cbaspedote («pamrtSiiw, to surromid with a border), " the naked-eyed " iled/iua. 
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m lilj), an order of Echinodermala , B,]ai> called PiimigrodB, 
Ohustaoei [onuia, b. shell), a class of Annaloia. 
Otenophora (fcT^fi, a comb ; pipa, to beiu). an order of Artiaoioa, 
Cltib (*in), applied to the vasouliir layer, or true dcin, which ia also called 

eorium and derma, as dislinguiflhed from the Bearf-ekin, outiele, or epidermis. 
Otclobbamchiata (kiSkAdi, a ring; Spi^TX"'! E'^1'')! "■ familj nf Giuteropvda. 
Otbticebcijs (iciWtii, blailder; KtpKos, tail), the wandered scolex of Tienia soJtutn, 

in itB hydatid fonn. 
DEoniu* (sa membrana, de and cado), the modified muooua membr&iie of the 

pregnant ntems, when it falls off at birth. 
DauoDEx (iq^rii, fat ; G^{, a worm), a minnte Aiaehnid altiud to the Penta^omida, 

and inhabiting Ibe sebaceous folilclcB of Man. 
Dekhatoitgra (S^pfia, skin : Tripdv, wing >, a family of insects with membranona 

DUFERlOM (Sidippay/ia, otherwise called ipp^iv, whence the adj. phrenic), the 

muscle which in Mamiaalia separatea the abdomen from the thorax, 
DiisTEUA (Bib, aptat ; 1im»ii, to place), an interval, espLcially lictweeii tseth, 
ThATOUACEA (tiariiisai, lo cut through), the silioi OUB coverings of a large group of 

niicroticopic low vegctabte organisms. 
DioisoroH (!i-, two; Klmu, a dog; IXoii, tooth), an extinct reptile with two 

canine-like teeth. 
DmELPUiA (Si-, two; StKrpis, the womb\ the snbolaas of Marsupial Mammala. 
DisiTiOBADA (diijiiu*, a finger ; jrorfew, lo wftlk),n termappliodlo those matamaU 

which walk on the phalanges of their fore and hind feet. 
DmoSAnRiA (icufd!, terrible; aaipa, lizard), an eslinct order of reptUes. 
Dkkoious (ii-, two : olicoi, a honao), with distinct sexes. 
Dipnoi (Bi-, double; ■mioi, breath), an order of Fishes which breathe both by 

lungs and gills, otherwine known as Diplopnoi or FtoUiptfri. 
DuQOPHURA lilaxo!, a quoit oi dish ; iptpui, bear), iin order of Aniielida, also oiilled 

Sadoria, corresponding with the famil; of Iiccches (ffiVwiinea). 
EODTSiB (^kSintii, It. IkHio, lo put otF), casting tie shin, or monlting. 
El;HD(aooccc»(^xrBo!, an urchin; silititoi, a berry), tlie wandered acolei of Tsnia 

echinococeas, in its hydatid form, with deuto-acolices, orduu^bter cysts formed 

by gEnunation. 
EoHiHOPsaHATA (/x'''<"i <>' hedgshf^ or urchin, hence applied to the Sea-urchin, 

and Sip/m, shin), a cluss represented by the Sea-urchin. 
EomNOBBTNCHUS !^ix'""' " hedgehog; ^Ir/xoi, snout;, a genus r£ Aamlhneephala. 
Edentata (e and dem), witliont teeth, an order of Mammalia ia which the teeth 

are wholly or partially absent. 
EsBiaFHTHALUiA, Or SedTxophtliiilmia (JSpauiT, sessile; h^Ba^nis, eye), an order 

of Oratlttnea, including the leopoda, Ampkipoda, and Liemodipoda. 
E1.ASUOBBANCB11 (.fxairiia, a ttiia plate or lamina; Spi-yx"^> giUs), an order of 

Pishes, including the Deimiobranchii Plagioiloraa or PenJobranoAiV of Cuvier, 

or Plaeoidei of Agassiz), and llotocepjiuli. 
Elttboti (,1\inpor, fr. /\ia, to toll round— Ariat. H. A. iT., vii. 8), the hard first 

pair of wings which in Beetles cover the second pair. 
Ehbbto (tfiPpuor, fr. /•• and Pfiioy. fr. ^ia, swell), the earliest stage in whioh an 

animal appears in impregnated ovnm ; later, especially among Vertebrata, it 

ia called /<«(«*. 
Endo-foditb (Moi', within ; raii, fool), the iQlamBl distal segment of the typical 

limb of CriMteMea. 
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EmKiaiTTLB (Irtoy, within ; rrDAst, a pilliu), a fold of the iining membKne of fE 

phaiTiii in AKidioida. 
Gmtouostbaoa {imiiunn, in cut np: itrrpaKar,o, uliell.f^riufn). the lower Cruftaeea, 

BO onlled bj I^treiUe from the segments of tlieir bndita bi-ingiincnDBnliilntcd, 
KFaBMEHiDA (ifti^tpar, tr. M and i/tipa, an inei^t that livie a single day, Aiist, 

II. A. T. 12, 26), a lalnil; of Insects. 
ESfidtio (Jrl, upon ; oil, ear), the upper bone of the Buditory capaule, part of the 

pan petrota in Han. 
Efifoditii (M, npun : n6s, foot), the eiterual distal segment of the typical limb 

of (Jnutat'ea. 
EmuMTU (errars, to wandci), a fiimilj of AnncIlJa fitted for locomotion, inoloded 

nnder Chfdophora. 
Ex-OooiPiTAL {ex, and oeeipiit), the lateral porta of the flrat cranial segment, cor- 
responding with Iho nicies of tho Foramen magnum in Man. 
Fufno, the thigh-bone, betivten tho yelvh and (ibiu of the posterior limb of the 

Amphibia, Saiuvptiila, and Matnmalia. 
FiBUi^ (a broot^h, i-tpdrn), the smollift external bone of the leg in the higher 

Vertebrata, homologous with the itlna in tlie fore-nrni. 
FlHBBlA, a fringe. 
FiBSiFABOca (^tiu, oleft ; pario, to bring forth), aseiual generation by the 

poront splitting into two parts, which become new individuals. 
Flaqblluk (a whip), the whip-lilce appendage to the Pi'Iiiiiuni, q. y. 
FoBAJHSiFBBA (/uToineB, a holo ; /oro, to bear), a group of Shiiopoda which live in 

hoUon, perforated, coloaieona Bbolls : to it belong the OrOuicerina, GIiMgerina, 

Bud Nwamtdittt. 
Fbontal (yVoni, forehead), the upper piirt of the tliinl cranial ergment, cone- 

spoiiding to tho vertical port of the frontal bunos in Man. 
Galbopithkoub (tbXAj, a weasel ; ■I'ftjjifot, an ape), a gcnns of Oologas, or flying 

cats, pluwd by Linnaiua among tbo Lemurs, by Cuvicr among the Bats, and 

by OuoSroi St. Hilairo in the group CaTiiaisien, to tho Insectivorous order of 

which it properly belongs, forming a family which has been mimed Dermo- 

GAN8I.10N (yirrr^'oy, a swelling or lump^, in anatomy a centre of the ntrvoos 

system, containing ncrvo cells, and receiving and giving out impresBions. 
OxHOiDm (riffoi, brightness), on order of fishts mostly extinct, tho Banroidti of 

AgtiBsiz, HcHodei of Hiilter. 
OauiiiFABOVS {gemiaa, bud ; pario, bring forib), asexual generation by new 

individuals arising as buds from the body of the parent. 
Qeuhcle {gemmnla, dim, of geimaa, a bud), an encysted mass of Bponge-partioles, 

&om which new ones are produced. 
Qai'HYEliA (jf/ipiipa, a bridge), a group which inoludea the fsmilieH SiptiaaMda 

and Sytiaptids!, placed as an order of Echinoderatata called ApediceOaia 

(Ouvier), jljjmfa (Van der Hoeven), or Vermigrada (Forbes), bat now admitted 

among the Anntiida. 
Gland (glani, an acurn), originally any smooth round viaeus, now properly le- 

strioted to those viscera which " seurtto," i. e., separate certain constituents of 

the blood by a process of cell-growth, vrhich are afterwards poured cut &om 

tho gland by a duct. 
Gkeoahina (gregariui, ft. grex, a flock, occurring in numbers together), a genus of 

Protozoa which forms the type of tho class Gregarinida. 
OoLntai, a genus of Nemat«id worms, giving its name to the group Gordiaeea, and 



namei], fr.iia its wreathing ita tbr&id-Ukc body into knots, after tbs mythical 

king of Plirygin tlie knot of wIiOBe waggon was oui l>y Alesamler. 
OVIIN0I.SUATA (yoiiuas, naked ; tjiinis, throat), an order of Polji/u, in wliicll the 

opening to the gullet is nncovered. 
Gtjhnopoiona (yu^iifcii, naked ; it^iu, snaked, an order of Amphibia, otherwise 

oalled Ophiomorplia or CxcHiie. 
OTlli(oFBTaAL.HATA (yj/ii^s, naked; ifS^iXiuit, eye), the craapedote 3feiju«ai of the 

olasa Hydroioa. 
Hallux (fiaUex or aUex, (he great toe), the innermost of the five normal digits of 

a vertebrate foot. 
Haltebbh (oArSpst, &. toAojUni. to leap), poiaers, weights held in the hnnd iu 

leaping, applied to the modifled second pair of wiaga of Diptera. 
HEmrarHta (cA^vt, a worm, fr. tixw, to twiet), a synonym of Eotozoa, divided 

by Owen into Stereimlniha {iiTipi6s, solid), the Parendtymala of Ctivier, and 

Oeklmiidhia (fiotKot, hollow), the CavUaHa of Covier. They are all included 

in the class Scaledda. 
Hemifteba 'V'-, half: rripdr, a wing), an order of Insects with the anterior 

wings half coriaceous, 
Hetbbopoiia (JSripos, different from others; vois, foot), b group of branchial 

Cinsteropoda in which the propodiam is turned into a laterally compressed 

fin, while the epiporlta are absent. 
HoLomniuA (iAoeofipidi-— Ariat. H, A, i,, i. 19), a genus to which the Seu- 

cuoumljerB and Trepanga bolong, which gives its name to thu order Sola- 

thuridea. 
HoaoLooY (AfiaXoyla, sgrearaent), the relation between parts which are developed 

out of tho same embryonic stmctures ; as the arm of a man, the foreleg of a 

horse, and tho wiug of a bird, or thj' wiuga" of a ptcropod, and the tentacles 

of a outtle-Ssh. The term Seriai Sainology is applied to the likeness between 

parts which appear to bo the modiiied development of etructurBs-airailarly 

repeated, as the humerus and femur ia Vertehrato, or tiio maxillce, maxillipeda, 

and ambulatory limbs of Onistaitea. 
HcMKBEB (brachiiim, Bpax'^yii the bona of the upper arm in Vetiebrala. 
Htdatio (iJoT.'t), or Bladder-worm, the oystio form of the wandered scolicea of 

Hydea (3Spo, a water-dragon), a genus of Polyps first described by Trembley in 
1771, which forma the type of the modem class Uydrosoa, 

Hyuenopteda (^i/itir, a membrane ; irrtpit; wing^ an order of Insects with tvo 
pair of wings, both membranous. 

Hf om (T, (T!di, resemblance), also called oa li-agax from its supporting the tongne, 
a bone named from its rosemblunca to the letter U in Man : in moat other 
animals it is ranch more complicated, the leaser comna forming with the atylu- 
hyoid ligaments long jointed liones which connect it with tho skull, 

Htbax (Spa(, sorex, a shrew), tbe Daman, the Coney (i, e.. Babbit) of t!oripture, 
a small gregarious mammal found in Syria and South Africa. Linmeus put 
it among Bodentia, Cuvicr under Padtydermala ; but its peeuliaritiea are so 
great that it may form the type of a distinct order, Hyraeotdea. 

Idhtbtofsida {ix^h, a fish ; Sifii, appearance), a primary division of Verldtrala, 
which includes the claBses Piicei and Amphibia. 

IcHTaTOSAOBUS i'X^h, a flah ; aaipa, a liiard), an eitinot genus of Beptilea, giving 
its name to the order Ichiliyoiuaria, 

luAOO, applied by LimuDDs to the final, winged and sexual state of luaectB. 
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IiFOiB0B<>iuuIa, la cut), the (entb(iunBUf brand anil sharp) fi^^ ^>i ihe prxmarilta 

of Mntnmalia, and those in the lower jaw whinh ehnt agrtinst them. 
Ixocs (an aiiTil, ft. innuio), ilw bone uf the inr in Mammalia which, ueoordiDg to 

Keidiert, U the honuilogao of the o» laadratum in Iohot vertebrates, but hu 

been now ehown lo lie reprasmted by a lipimpnt only in birds, n rartilnBe in 

Bphenodim (Hatteria) Emd other reptiles, and the byo-maiidibalar hone in 
, DsaeouH flahea : v. Milleds. 
luFiiSDiBi'LiK (a funnel), the channel fonned by folded propeaaea of the mantle 

bj which water paisea ont from the bmnebial ■■hamlier of Mollnsks. 
Ib»C80BU (in/iuwm, fr. in and /muio, pour), a olasBofmieroBfopie animnls, named 

fhnn their oceturcnoe !□ notable infusions. 
iNOtiBN, the groin. 
Insecta (iBswai, to cut in pieces, aa in Greet, ((tohb— Arisl. H. A. iv. 1, 5— Ir. 

iyrliiru'i, a ehisa of Artbropodniis AnnHlota. " Jore omnia Insrcta appellata 

nb inciauris, qun nnno ceriicarii loco, nunc peoterum atqne alvi, prncineta 

seporant membra." — Plin. xi. 1, 1. 
iDBBOriTottA (intfctnm, an inseel ; vora, eat), an order of Mammalia. 
Iktbeuuiilmbt or pr»-mai<llary bonea, su called bi^cause they are plnceil in front 

of and between the maxOlm of Y&rt^ala, with which they unite in adult life 

in Han and some of the apes. 
Isopoha (Iodi, eqnal ; teit, fool), an order of Cm^acen iQclnded under EdHo- 

phthaltaia. 
JuQAL (jvgnm, a yoke), a bono nf the face correapondiug to Uie et malir or cheek- 

biine in haman anatomy, and forming part of the lygama. 
LiDiuu (a lip), the lower part of the mouth to iDseets fomied of the coalesced 

second part of uiaxiilsi. 
Labbck (form of laWum), the upper part of the mouth in insects. 
LjeMOBDWUA (Aoifiiii, Ihrout ; S,-, two ; iroili. foi.t), II gronp of Cnutacea with two 

legs under the throat, now inoliided under Kdriofihthulmin. 
Lamblmhhabchiata (pimelUi, dim. of hmiita, a thin plate; BfiyX"^ eiUs), an 

order of MMofa. 
Lahta (a mBHk), the name applied by Linnwna lo the grub or caterpillar, which 

Ib the Brsl stage in the metamorphosis of Insects. 
LanuoPTBHA (^tirli, scale ; m^in, wing), an order of Insects with wiogs covered 

with Booles. 
LmuoaiBBS (Xtirli. scale ; afifftv, a siren— applied to one of the Amphibiii), e. flsh 

resembling the Siren, bat covered with scales. 
Lbpidostkcb (XiWi, scale ; iarimi, bone), the Bony Pike of North America. 
LoPHOPBOBE (Jidf us, a plume ; ptpin, bear), the oral disk of Potyani. 
LcciERMARiA (lucemo. a lamp), a genua of Byiirofm. 

MACBAnoHENlA (uoKpiii, loug , oftx^'. Dcok), an eltinot genua ot Mammalia, 
MAU^ooaTRAOA (nakaKdarpaxa — Ariat,, aoft-eholled, v. EiiTOKOSTnAoA), the higher 

Cruatacoa, so called by LatreUle in distinction from the harder-abellfd 

MolluscB. 
HALLEca (a hammer), a bone of the internal ear in Mammalia, which Beieheit 

Bupposed in nnswer to the part arlicntarii of the maudible Id Bauropsida, bat 

which in probably the true homologue uf the oi qtuidraiuiH : e. iKcra, 
Mau/»fhaoa (utAAii, wool ; $07111', to eat), a group of imreailio Ineecta. 
Mammalia (mammn, a breast), a class nf Vertebrala diatinguiahed by suckling 

their young. 
MAi<niBLz(mandibuIuin,fr.nuiiuf<i, to chew), in K<r<«&raf((, the lower jaw, answering 
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to the maxilla inferior of human anBtoroy ; in AHhropoda, the upper pair of 
cephalio appendageB ased aa jawe : among Birds, the upper and lower roitra 
af the heak aie ofteo onllei! mandiblea, 
MiRfllPOBa*NCiin (pipimras, a pouch ; fipiyx"^> g"!**)! »" "rder of Finhes, called 

Cyctpetomi by Muller, lepreBanted by the LacnpreyB and Hags. 
Mabscflali*. (manupium, a pouch), on order of Mammalia separated bj Ouvier 

&om the rest of hia Gamaseien, aud now fomiiiig the subclaaB Didelphia. 
VijiSPaitmi (jinarii, breast: oBois, tooth), an extinet genua of Fn^Koeidea, repre- 

seottiig ill America the Mammoths of the Old World, and distinguished by 

the uipple-like Burfece of their molar teeth. 
IttiSiLLi (the long form of mata, a jaw — u. Axilla), in Ferfeftf afa, the bona corre- 

aponding with the Superior Maxilla of human anatomy ; in Arthropoda, the 

one or two pair of limba next to the mandiblea which are modified oa jawa. 
MixiiLiPFD (maxilla, pet), or " foot-jaw," applied to the modified limba of the 

three first segments of the thorax in Crutiacea. 
Medclla (marrow), applied to the spinal part of the central nervouB aystem in 

Vertehrata— the epinnl cord. 
Mbgathebich (iiiya, great ; er]p!of, beast), an extinct ouimal allied to the slotha. 
Menisccs (liitrlnKO!, dim. of liivjj, a crescenfi, applied to an organ of doubtful 

function in EtAinorhyiu^ut. 
Mentttm (chin), the central and lower part of the lahiiaa of insectj. 
BiBEOBTOHiTA (»iT|p^i, thigh : irT6ita, mouth), an order of Cruttaeea represented by 

the genus Ltmuliu, the Molucca King-Craba, alone in recent timea : the order 

has been also calliid Xiphtmira, or sword-tailed. 
Meskntebv (jiiaos, intermediate ; Jn-fpoi-, intestine), the membrane butween the 

alimentary canal and the walla of the abdomen. So Meso-colon, ftc 
Mkebaio— mesenteric. The omphnlo-meseraio vosscle pass Irom the intestine to 

the umhUical Tcaiole in the embryo. 
Hbtaoaiifus (^lETct, after; itajiTriii, wriat), the bonea between the caipaa and 

phalangea of the anterior limb of the higher Vertebrates. 
Metatabbub iixfri,, raf<t6s, the flat of the toot), the bones between the tarsna and 

phalanges of the hind limb of the higher Vertebratea. 
MoLAB (nutfim, adj. of mola, a mill), applied to those teeth in Mammals which 

are not preceded by a milk set— the " grinders " in Man. 
Mollcma (&, moHis, soft), one of the primary divTBions of the Animal Kingdom 

established by Cuvier. He inoluded in it. beside the classes now admitted, 

the TWieulo, Braeliiopoda, and Ctrripedia. 
Monoselfhia (jiisaj, single ; ifhjfis, womb), the orders of Ma/iiaaalia with a single 

MoNtEOioca iiiivBs, single; ofirai, a house), with both sexea nnited in one individual, 

henaapkrodiie. 
MoNOTBEKATA (jt6ros. Single ; Tpnf^, Er. TiTpii™?, to pierce), an order of Mammals, 

separated from Cnvier's Edentatot and forming the snbolaas Omithodelphia : 

they have only one opening for the urinEtry, genital and intestinal oiinnls. 
MTniiPOOA (;iup/os, numen>ua ; irous, foot), an order of Arthropodoua Anmiloia 

separated from the /lueeta of Cuvicr, and represented bj tlie Miilipodos and 

Clenti pedes. 
Nbotocalyx ((TjiTTilt, fr. m^x", swim ; KilAvt, cup), the swimming-bell of Bydroma. 
Nhhatootbt (rfifia, a tliread ; kiIotii, a bladder), the " thread-cells " found in all 

Cmteaterala and some un-allied genera of 'ParbeUaria and MoUatea. 
Nehatoidea (i^^, thread ; cISoi, appearance), an order of Seoleeiila Dotreaponding 
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ncwlr Willi the CaUhiinthia or Enlotoa GaMaria of Cnvier a 

A'amtfelntHfAi* of Tngl. It include! the pnnwiitic "Threiid WonnB'' and 

" Bnmid Wonns," sml tlio Gordiacea amy be placed under Ihf mnie hentl. 
Kbbve (ncrvHi. vtipat), origlnallf a eini-w or ttmdon : after Galrn'a [iEoo iippli^l 

to the condiioting branches of the Sengor[-motiir apparstua. 
NEunovTEBA (riCpsv, a ootd ; jrrffiv, ning:), an order of insects in vhicfa tiie four 

njomliranons icings ara mpported by strong ribs or nervures. 
NcnimoHD {*iniir, back ; x"?^^ ^ string), or Ckorda dorialit, an cmbrjonic atructnre 

in Vtrlrbnda formed immediately under the prioiitiTe grooyo, and nsnollj 

teplaoed by the spinal oolamn in the adnlt. 
Nt'CLXcs (a kernel, fr. nuz ; dim. audeolia), a speck of germinal roalttr found 

normallj In cells. 
DuoNTOiDBs (sc. pnMMnu; oSaii, tooth ; tlSot, form), the bodj of the atlas, which 

is «cpamte from It and usu^y aukyloscd with tho DxiH. 
OixiNi'OPHOBi ^dSd^i, tooth ; ipJpu, bear), tliose classes of MoHtuca wliiub have 

hrada and a peculiar tooth-bearing apparatus. 
CQni'OAaTS {altrei, a reed ; ^ytlv, to eat), the gullet— JrM. de Part. An. iii. 3. 
OHPUAu>B(t»u^aAili = mabilicus), the csTel, i.e., the teat Ml in thi> abdominof a 

luamnial, whore the umbilical oord was attaolicd. 
OosTEOITB (_iiir, egg; ariyei, to cover), scales or otiier parts of Aiuiuloia mndifled 

so OS to protect tliu egga while carried by llie motlier. 
Oi'EHcuLCM (fr. operio), a oorering : in fish a bony flap (possibly homologous wilh 

tlie riitemal ear of MunimaU) nhich mvcrs over the gills ; in uuivnive Mol- 

h^sks a concretion which doses the shells. 
Cpiijdu {B#ii, b aerpent), an order of Reptiles : SmyetUrt of Linnaiiia. 
Ofuiuba (Dfis, snake; oifHl, a tail), " Brillla slar," a genus of Eohinodermata, 

giving its name to the order OpUnHdea. 
Opisthutic (Siria-Sif , behind ; oh, the cat), the pnsledor osijiflcation of tlie auditory 

capsule, corresponding irltli tho maatoid and part of tbe petrous bones in 

Cmo LOBisii, the ganglia of the brain in Verttl/raia to which tbe optic nerves Uad 
in all but the Martifiiiranchii and AiaphloxKi: they are singlo on each side 
in the lower classes, and called Corpora higemina ; double in the higher ones, 
and called C. qatidngmnina, or l<laiet and Tetla. 

OuBiTOBPaEMOiD (.iirhUut, dim. of orfti; (yftenoi'iies), part of the third cranial 
segment, correspontling with the alx miniirei or pron^ssea tit Ingnuaias io 
human anatomy, and Kinays forming (he bai^k of the orbit. Cf. AusfHEHOiD. 

OlU'lTUi>SELi'HlA (flpv'i. bird ; ithifis, womb), (he subclass represelited by the 
order MoaalTemala. 

Oenituoiuiynchi a (fipvn, a. bird; ^iyx"', " beak), a genus of Jlfonod-amofai, 
otherwiBBcnlltdtho Dnuk-billcd Pktypua (broad, i.e., webbed-foot), or Water 
Mole. 

OamoFTElu. (ipBrfi, atraight : f-ripAv, wing), an order of Insects. 

C)^HAcoDA (£<rrpaKiiSiT>, adj. fr. imfoKor, a Hhell), an order of Crustacea enclosed 
in B hard campoco. 

Otouthb (ail, car; >dSo\, stone), small bonra found suspended in the iDtemal 
ear of flshes, corresponding with tho otoconium or " tar-dust " of Man. Tbe 
term is also applied to similar concretions in the nudit'iry taca of Cra^aeea 
and other invertebrate animals. 

OxTiiius (ifui, sharp ; abpi, tail), thrend-worm, one of the Nematoidca. 

PAcaniiiBiiATA (irax^f, thick; tip/ia, akin), a Mammalian order of Ouvier's, nearly 
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agreeing with the Bi^ua of Linnieiia. Of iC^ mcmbBrs the EtephnntB now 
form tlia order Prohoiciilia, the Httui Bynvfiiiileii, aud the retnamder may be 
colled Ungalatn. the artiodftctylona gane™ aniting- vfith the Ruminanta. 
PAL^crrilERitlu (vaAaiii, ancient \ 0qpfai>, benat), a Tapir-like nngiilate mammal 

of the Tertinry epoch. 
PA1.UCM (a cloak), the " mantle " of Molltuks, an extreme development of the 
integument, represented in its epithelial, vascular, glandular, and muBculor 
Btnioture, with folds and processes forming the "fuot" and other appendages. 
PAnASi'HESOiD (wapi, bOHide ; iripTinifiS-ir, weJge-shaped), O long nzjsoa bona 
which ninB from before backward ander the base of the skall in Ichllii/opiida 
and some Reptile* ; so called from its relation to the sphenoid bono. 
pAmENCuvMA (iniptTX''*'''! fr. Topi, Ir, x"", something poured in beside), applied 
to the proper aubatance of ligpeni, excluding ooaneotive tissnr>, blood-vessels, 
and other BCMBSorj parts. 
Faki^al (jMrielei, whUh), the upper OBsiUcationa in mombrime uF the second 

crunial segment. 
Pabietu-sflamchnio ( parietet, mrkiyxra, the visoera), a ganglion in the higher 

Molluaks which suppliea the mantle, gilla, and viscera. 
Fabteenooeneuis (jrap94yai. virgin ; •yfuffa, generation), asexual reproduction, 
either by fission, gemmation, or tho process of intia^nal budding best aij^n in 
the Scolecida, and called by Quatrefigas "Cienea-geneBiB.' 
Pataqitic (■waToryimr'), a stripe or border to a dress; applied to the eipansion of 
the integument by which bats, flying Bqnirrols, flying lemurs, &c., support 
themselves in the air, 
pAunopra (lavpiit, few ; iro^t, fuot), a genua of Mi/riapoda intermediate between 

the two orders represented by the Smlopendridss and IvlidK. 
PEOTOBTRAOA (inj«T^!, fr. riiyrafii, fiiOii, compacted; iarpoKov, a shell), an order 
of CT-Bstocea, which become flied in the adult atato, including the Cirripedia, 
and Bftuoeqiftaius with its allies. 
Pklvih (irfXit, iTfAui), a basin, applied to the " hip-girdle " or bony arch supporting 
the lower extrcmitiea of moat Verlebrala : it consists of the lamim (formed 
of two to five vettebne), the ilia or haunch bones, piiba, and iKhia. 
Pbntastoma (rtrrc, five ; orif/ia, moulh), a name given nader a wrong conception 
to a genui of parasitic habit, otliernise called LingiuUulii, which gives its 
name to an order of Arachnida. 
pERiaAliDlUM (irtpf, around; xipiut, the heart), the membrnne which anrrounds 

the heait : in Cruataaea this is really a vciions aiiiuH. 
PEBiasoDACTYLA (iMpiffo-iJr, ttoeven ; SimuXos, toe), a name applieil to those 
UngnUta Mammals which have an odd number of digits, as the Tapir and 
the Horse. 
P&BITONECM (mpf, around; T«f«u. to stretch), the membrane which covers the 

abdominal walls and the contained viscera. 
Phauikx {•pdkiryi, a rank or row), one of the small bones which compoae the 

digits of tho higher Veiiebrata, otherwise called Inleraadii. 
Phabynx {<i.BpvyQ. the upper part of the gullet. 

pHABYNooBRANonn (>(>itpiTi. flpoTX"^ gi^'^). ^^^ ^rd^^ "f Fishea represented by 
the Amphiortu, in which the perforated pharynx iierforma the function of 
gills : otherwise called Lepiocardii. 
PmLACTTOLaaiATA ^fvMunit.b.-pvKdiTau.. guarded; Ab./uJi, throat), an order of 

Pdyzoa in which the entrance to the gullet is gnarded by an epistomo. 
PHYSOPHORTDa CifiwB, bellowB : fifi. bcarl, a family of Hydrraoa. 



3 



PwiBotOttA (pdaa. Iiellows: niis. font), a groQp of iiisectM wmi b]>|]cler4ike 

feet. 
PlLUDirH ( for piUolia, dim. of pileit*, a felt cap), tbc nsmc applied lij Hiillcw to 

tlip helmel-flhBped Ibitb of Nemertes, one of tbe TurbeHaria. 
Fumu. bod; ur "gland" {jiinna, a fii-oone). otlteririse called Conurium ; a 

(xmatant outgrovth from tlie roof of the Prosencpphalntl of Verlebrala. 
PiNNUu (yituuUa, dim, of pinna or p«nna, a feather), tlie aeconilurj' branclieii 

from the qaills of a feather, oLherwlie ealled bubs. 
PiTuiTABT body or " glnnd " (piluita, phle^, whicb it waa Bupposeil to scerete), 

a onnatant appendage of the braiii just Id fnmt of the Notochurd. 
PuiCENTA (a cake), applied to tbe detcloped eborion in Mammalia finm its discoid 

atape in Han. 
PkAcomEi ('Aa{, a flat plate; iISoi, likeness), an ordor of fishes vritb flat smooth 

integiunent, the Selachii, <v 8barka and Rays : r>, Elashobranchii. 
Plahtiorade (planta, the aole of the foot ; grtvUor, to wnik), nppliid lo tlioae 

animold whicb apply the vhole of the fuot, inL'luding the heel, to the gimiod, 

w Man, bears, and bndgerd. 
pLBBiORii'RUS (i-Aiifffot, near; ffaM(jo,a lizard), au eitinet genuH of murine reptil™ 

whicb gives its name to an order, I'letinaanria, ao callid hecHUso their 

skeletons were first found associated with those (if the Jehlhyoiiaiinu. 
PI.EUBOI10NT {rXtupi, a rib, side; itoit, tooth), the attachment of teeth to the jaw 

in which one aide of tbe fang became onkylosed with tbe iniilde of the socket. 
Flvtgub (a pent-house, or abed), applied ti> the " painter's-easol " larva of the 

Echinus. 
PoDOFHTHALHlA (x-ofis. foot ; itpSaX/iit, eye}, an ordor of Cm'iacea in which tbe 

eyee are stalked or pcdnnoulnte ; it corresponds with the group IMeapoda. 
FoLLSS, tbe thumb ; the first, iimtnaoet, or miiot prnwxiu) of the digits of the 

anterior extremity, placed in a line with Ihe nuVut. 
POLYOISTIHA (iraA^i, mauy ; x^ittit, a bladder), the minute shells of Badiolaria. 
POLIOABTBIOA (nXdi, yaaTtp, beliy), a name given by Elirenberg under a wrong 

impresaion to In/utoria. 
PoLTZOA (xoA^i, fusv, animal), a olsss of couiponnd animals, otherwise called 

Bryozoa Op^of, moss), from their parasitic hnbit on sea-weed. 
Frsaxiai, and Fostaxial are applied respeottrely to the parts on tlie radial ur 

tibial and those on the ulnar or fibular side of the limbs ; the former being 

internal or anterior, the latter external or posterior, to the axis of the linib. 
Fbxhdlab (pre, in front; motarei, grind<<rs), the molar teeth which are preceded 

by milk molars, the bicuapidii, 
FofSi'BGNots { prat, before ; oi ipheTioidale), (be centrum of the third cranial seg- 
ment, corresponding in human aoatomy to the front part of the body of the 

sphenoid bone: tj. Bahisphehoid. 
FBOGuwnatTr/wyjiiijTTd.thepoint of the tongue), applied to the zooids of iSeoJeeidn 

which are propagated by gemmation from b «ciiZ«i,Bnd in their turn produoe una, 
Pbo-otio (irpiJ, front : oJi, ear), the anterior ossification of the auditory cupanle. 

corresponding in human snatiimy with pnrt of the petroua bone. 
Fbopoditb (irprj, front; Toit, foot), the proximal aegrnent of the typical limb of 

aCmstacean. 
FBOTOPLiBM (irporrot, first ; r\dafia, fr, irKiaaui, to form), the primitive indifferent 

tissue of the embryo out of which aU Bnbeequent organs are formed liy a pro- 
cess of differentiation. 
Pboto/oa {irjJBTOf, first; &ot, aniraol), the lowest group of animals. A similar 



lenu, " ProtiBta," ia applied by Hackel «> aa to iuolndr I'rotoBJa and Plctn- 

PsEUDOKiDiA (if fuSlii, false ; »nui, foot), tliy prolongations of the body thmst out 

and drawn in at will, whioh anawer tbe purpose of Umba in llhiiojiiida. 
PTKBODAOTTLi (uTEp^ii, wiQg: idnTuKat, fliigcf), AQ Older of eitlnot reptiles. 

charaoteriaed by the fifth digit of the anterior extremity being prolonged ho 

BB to support a patagium, 
Ptebopoda {TTTtpig, irai!, foot), a claes of Xdthuca in wliich the Epipodia of the 

foot are developed so as to form wing-like prooesBes by which if awims. 
FTEBTOom (rrcpuj, wing; ttSos, likeness), a bone of the vertebrate skull oiinf- 

BpondJDg with the internal pterygoid prooessoB in Man. 
PCLllOQABTBBOPODA (patiiio, lung: •yaiTT'lip, belly; iraiti, foot), those MMutea 

which walk on their bellies and breathe by Inngs. 
Pdfa (a doll), applied to the seoond, usually motionless, stage of metomOTphoaiB 

in Insects, otherwise called " Nymph ' and Olirysalis. 
PzcNOOOViDA or FycnogonBla (iruKi'di, thick : 7iJvu,knee,: an order of Jra^hntrfa 

with thick jointed legs. 
Pyuibcs (TuAiDprft, a gatekeeper), applied to the valve liBtweon the sloniach and 

intestines. 
PiBiTOKM (pjnmi or pimtn, a pear; forma, shape), applied to any tapering 

QuADBATUM (so. Ds), four-oomerod, square; the bone by whioh the mandible 

Brticnlates with the sknil in SoMTopticta. It ptobabiy antiwors to the Malleus 

in Mammalia. 
Rasiata (rodftM, a spoke or ray), applied by Cuvier to a sub-kingdom now broken 

up. The FfAypi are divided between Polyioa and CaUMer"ln, wbieh hkst 

group takes also the Acalepha ; the Enlotna become Scoleeiila, the Eehino- 

dermala, Annuloida, and only the Jn/uson'a remain, minus the Rolifara. 
Badiolabia (radlolug, dim. of radiae), a class of PtoIosoo, of which the Sea-egg 

{BphSTozooa oeo-di-mare) is an example . 
Radius (a spoke), the prteiiHl bene of the fore-arm which articulates in a line 

with the pollex. 
Rauub (a branch), appUed specially to each half of the mandihlo in Jlf(iin?n(tJfa. 
Baths {raiit, a raft), an order of Birds (Brevipeimet of Ouvier, Cunora of 

Illiger], so c^ed because, other birds having a " keeled ' sternum, their 

keelleas one is like a punt or raft, 
RaizocEFaAi.EB (jSffd, a root ; kc^bA^, a bead), a genus of CmeUteea which when 

adult bury their h*ads in the lx)dieB on which they are parasitic. 
Rhkoiwnt (^/fc Hois, a tooth), the attachment of teeth whose fangs branch out, 

and so become ankjlosed with the jaw-bone. 
Bhizopoda {^i^a, itaui foot), a class of Protozoa in which pseudopodia come out 

of the body like roots. 
HoDENTtA (rodwe, to gnaw), an order of Mammals, the Glires of Linnmue. 
Eoffntnii (a beak), tbe anterior termination of the carapace in CnMtaceo. 
BoTiFKBA (rofa, a wheel ; /ero, bear), or Eotaforia, a class of animalenles separated 

from the lafuioria, and provided with ciliated Mngea roimd the mouth 

which when in motion look like two toothed wheels. 
Saohlii (so. os), tlie vortebrie which articulate with the iUa to form the pelvis. 
Saoitta (bu arrew), a genus resembling some Annelida, but with peeuliariticB 

which have led to its being made into a separate class, " Ohwl^gnatha." 
Saboode i_aipi. flesh ; iS6t, way), a name applied to the imperfectly difierentiat^d 
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tissue of Protozoa and Inruaorio, wlitcli is oa it vers ' 

true fleah. 
SauboPsida {aaipa, a lizard ; iii(it, appcaranceX B name applied to the classes 

Arei and Beptilia collectively. 
SAmrRx (iiaipa, oipi, tail), an order of birds represented nnly by the citinot 

genus ATchaoptcryx, iliBliDgaialied by having a long tail like a lizard's. 
BoAFtLA (form of tpab^a, dim. of tpolha. miiji, a broad, flat lilade), the shoulder- 
blade, Mlledthe "side-bone*" in birls. 
BcLEmnioA (vnxqp^i, bard, sc, (uniea), the capsule of the retina, the eje-ball, 

fibri.uB in Man, but jmrtially oaaifled in tnativ of tbe lower YeHebrata. 
ScoLBciDA, a gronp of Aimnloida or Verma oompreheoding the Entoaia of Ourier. 

and aim the free TurbeBaTla. 
80OLIX (sKiikiif, a womO, the larva in Seolerida. proilnoed from an egg, which may 

by gemmatinn give rise to infertile dtatoiailieet. or to a»!gproas proglottidet. 
BcuTix (a shieldj, applied to the bony dermal plates in the skin of ciocodilesi 

&c. : also tbe large dorsal sealee nf some AtmelMa. 
BKTtcsBurs (tela, bristles; gero, carry), especially applic<l to the locumotive 

Annelida. 
StHENiA {nttpiiv, a siren, a mermaid), an order of Mammals, the Herbivorons 

Cetsrea of Cuvieri inclndiug the genera HaHton (dugong), tlanalia 

(Inmantin), and tbe recently eitinct Jlhylina ; the namo is given bocauee tbe 

dugong, from its poctoral mammn;, was named Ilalieore, the aea-maidon. 
Somite (ffS/io, body), a segment of tbe body of AntmUua, willi its npper and 

lovfer pair of appenilages. 
Speruatozoa (aiJp/ia, seed ; ffov, animal), anunnfeula senii'n/i, minute organisms 

of characteristic shape, and endowed with spontaneous motion, fonnd in tbe 

sperm-oells of u'l animals. 
Bfickilvu (dim. of tplca, a thorn), any hard, pointed animal stnictnrG, 
Bpiuaclb (tpiro, to breathe), the lateral openings into tho tracheal tubes of 

insects, 4c. 
BrosaroA (^mtayyiiat inrifyei, a sponge- -Arist.H. A. ix,, liv. 3), aclara of Prolmoa. 
SucAMOSAL {iguama, a scale), a membrane biine, wedged in between the anditory 

capsole and tbe ali-sphcnoid : in Man it overlaps the parietal liy a ecale-like 

suture. 
Stapes (a stirrup), so called from its shape in Han ; the auditory ossicle 

which Is joined to the Fenaira oDolt't, and corresponds with tbe Columella 

in Sauropiida. 
BTBOAKOPHTHALMOCg (artfarij, coTerod ; i^*aX/irfi, eye), the aoraspodotB Medusa), 

an order of Hydmoa. 
Stehmata {atliLtia, a garland), the simple eyes of Insects, often arranged in the 

form of a circle 00 the top of the head. 
BTEBNtm (the choot), applieri to the aiygos bone E>rmed by the meeting of the 

viscemi arches in front in most of the higher VerUhraia : also to the inferior 

pieces of the eioskelelon of Arlliropoda. 
Btiguata (ffrf-y^Mi, a mnrk), a synonym of aplrmyala in Insects. 
Btohafoha (more properly StomBtopoda, fr. otSiul, a mouth ; iro Ji, foot), an 

order of Crustaoea in which the organs of prehension retain mare of tbe 

eliaracter of feet than in Decapods. 
B^REi'Sn'TERA (oTpf^ii, a twist : Trrtpiv, wing), a group of Insects with tbe 

Bnterior pair of wings twisted. 
Btbobila, or Strobilus (aTfA^ihas^ a flr-cone), a chain of zonids formed by a seolez 
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uul tbo progloltide* which hnva fluccesaivelj badded tmia it. The name was 

first applied to that of (he Mednsit. 
8iTB*-occiriTAL (gupro, nboTe; oi:cip)it,i,e., ab-caput, tbe bind-licad), the hone 

nhirh complsteB the first ocanifll segment alxjre, imsweriiig to the- lamiua af 

the ODoipitiil bone in Man. 
Syufhysih (ir6fupviris, a growing together), the union of two bonea. 
Tjssu (a tape), a genus af intestinal worms, which gives its unme to the order 

Tanlada, or Cestoid worms. Tlie tupa-worm, Bo-Ciilled, is a Strobilus formed 

of a Ecolci (the hcadj and proglottides (the joiats). 
TardiqbaBjI (tardai, slow ; gradiar, to move), " Wftter-slotba," an order of Cruedicen 

otherwise known aa Arctitca or Water-beats. 
Tarstib (Tofiir^i, the flat of Ihe fool), the collection of email bonea which form Ihe 

heel or hook, itnd anhle: corresponding with ihe carpiit in Ibo anttTior limb. 
Tbleostei (teAciot, perfect ; iarfor, bane], a name given bj Miiller to those Fisli 

which have completely asinfled skeletons: includiag the OBseaplerjgii of 

Cuvier, beside the small orders Lophobranchii and Flocluguathl, and eurrc- 

spoiiding with the Ctenoida (with serrated scQlee) and Cycloids (with smualh- 

edged scales] of Agaasiz. 
Telson (jiKiroy, a Homeric form of t^Aoi, end), applied to tha central part of the 

List somite of the higher Crustacea. 
TEHTACDLnH {foJo, to tuuch 1, a feeler. 

TKBEDaiTrLA (dim. of (erefcra, a borer), a genna of Brai^l p d 
Tebqcm (the back), applied to the upper segment of th osk 1 to f 11 

somites of an Arthropod. 
Teot {teeta, a shell), applied to the ohitinous oorering of th T n fa. 
Thecodont (f^mj, a case, ft, Tiflrj/ti; iSait, a tooth), haymg t th impl ted 

distinct sncketa or alveoU. 
Tborai (fliipat, a breastplate), rtpplted in TertpJirata to the part of the trunk above 

the diaphragm, in Insects to the central segment formed of throe consolidated 

somites. 
TttYLAClNUS (fluAnKos, a pDuchi, a genus of Maraupialia, of caruiyoroua habits. 
Thtsahlra (Biiraros, a tasael ; oipi, a tail), a group of Inflects with fringed appen- 

dagea, which are attached to the end of tbe ehdomen. 
TlBii, the shin-bone, the pricBiial Lone of the lower extremity answering to the 

Tadiui in the upper. 
Teabbocl* (cranii), dim. at train, abeam, Bpplied to the longitudinal eartiJaginoua 

bars in the embryonic skull, which encloao between them tho " SelLi Turcica " 

for the Pituitary Body. 
Tbaokba (Tpax<«', so. ip-riipla, the rough n-Indpipe), in air-breathing Vetiehrata 

the lube leading to tho lungs, in Insects the air-tubes which ramify throughout 

the body. 
Tbbhatoda (rpij/io, a hole ; Tpij^ariiSii is nppliei by Ariatotle to burrowing 

animals), rtn order of Scolteida with a single opening leading to a racemose 

digestive systeni. 
Tmobina (rpfxivoi, adj. of Bpl{, hair), a minute Nematoid worm parasitic in human 

muscle. 
Tbiohocefhalus (flpfj, KfipaKii) B Nemaloid intestinal worm. 
TBitHOPTERA (dpli, a hair ; Trrtpif, wing), an order of luseots with baity wings, 
TaooHAt, disk frpoxiii a wheel), the surfsoe around tlie moutli of a Kotifor, ar 

Wheel-animalcule, on which are set the cilia whose motion produces tho 
appearance from which it takes its name. 
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Tbochanter {rpoxarHip^ fr. rptx'** ^ tarn), an ootgnrowth of bone from the femur 

whicli affords attadiment to the mnacles which rotate the thigfa. In Man 

there are two, in the Elephant one, in Perinodaeh/la three. 
TrnicoLA 'tnfta, a cylinder; ecHoy inhabit), a group of Anndida living in 

calciir(*ou8 tul>o8 which they form : e. g^ Serpulx. 
TcNirATA (tunica n p^meut , a synonym of ABcidioidti, Mollnsks in which the 

hilt '11 i^ rt'plao(Hl by a chitinoua test. 
TrRBi'LLAKiA {turfp UiT., pi. dim. of ttirhaj a stir), a name applied (from the currents 

ciiuscd by their cilia?) to an order of ScoUcicUi, which includes the geneia 

Neint rte$ and rianaria. 
Ttm PANIC [rvfiwayov, a drum), the bone which gives attachment to the membrana 

tymjHtni of the oar, or its homologue. 
Ulna (wAci^), the cIIkiw, hence the bone of the fore-arm which farms the elbow, 

tlif c»hitufj which answers to the ^NZa in the hind limb. 
UMBiLicrs fdim. of umlto, a boss), the navel (v. 6fji^>aX6s). 
rN(}i'K;rijiTA (unguis^ a nail), those animals in which the dorsal part only of the 

di}i:its is covered with horn, forming, if flat, a nail, if curved, a claw. 
rxox'LATA (ungtda^ a hooO, m\ order comprising all herbivorous and hoofed 

Blnmmals, including the PaehydermcUa and Buminantia of Ouvier, except 

Eltphas and IJyrax. 
UNGULKiRAPE (ungulay gradifiTf walk), those animals which walk on the tips of the 

digits only, which are always hoofed, as the horse and ruminants. Cf. DiGi- 

TiouADE, Plantigrade. 
UuoDKLA {oifpd, tail ; 5^Aoy, visible), an order of Amphibia characterized by the 

tail pcrHisting in the adult state : some are perennibranchiate, others cadttci- 

hranrhiate ; i.e., in some the gills persist, in others they fall off after the larval 

singe. 
A'aouole (vacuus, empty), an empty sjmce in the sarcode of Rhizopoda and 

Infusoria. 
Vas deferens, '* the vessel which carries off" the seminal fluid, the duct of the 

testis. 
Ventricle {veniricvlus, dim. of venter, the belly), any hollow space, specially 

applied (as early as Cicero, who has ** ventriculus cordis '*) to the muscular 

chamber of the heart which pumps blood out of that organ. 
Vermes (fr. verto, to turn), worms, a name which with LinnsBus included Insecta, 

MoUusca, Testacea, Zoophyta, and Infusoria. It is sometimes applied to 

Annuloida generally, but ia better restiicted to Scolecida. 
Vertebra {verto, to turn), a joint, specially applied to those of the spinal column, 

and thence transferred to the small bones of which it is composed. Hence 

the term Verfehrata, since all animals belonging to this division have a more 

or less developed spinal column. 
Vesicle (dim. of vesica, a bladder), applied to any sac, but specially to the 

umbilical vesicle and the vesicula? seminales. 
VnjBio {mbro, to quiver, or vibrate), applic d to minute vegetable organisms which 

are capable of independent movement. 
Villus (a tuft of hair) specially applied to the vascular processes of the chorion, 

which when fully developed form tije foetal plaeenta. 
ViTELLL'S (the yolk of an egg), present in all forms of ova. The vitelline membrane 

which surrounds it is otherwise called the yolk-sac. 
Vomer (a ploughshare), applied to the bone which helps to form the anterior ter- 
mination of the cranial axis and the septum nanum, from its shape in Man. 
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X1PUO6URA (^i(f>os, sword ; obpd, tail), a synonym of Merostomata, from the long- 
sharp tail of Limvliu. 

Zruglodon {{t^yXri, a yoke-strap ; 69ovs, tooth), an extinct genus of CeUtoea^ with 
teeth consisting of two parts united by a narrow band. 

ZoNARY (C<^yrii zona^ a belt), that form of deciduous placenta in which the foetal 
villi are arranged in a belt. A similar though broader band in a non- 
deciduous one is called " diflftise," or sometimes " zonular." 

ZooiD (C9>ov, an animal ; eUos, resemblance), a term applied to the individuals of 
compound organisms, as the polyps of a polypidom among Ccelenterata, 

Zyg ANTRUM (fw7<Ji', a yokc ; antrum, a cave), a hollow in the vertebrsB of serpents 
by which an additional articulation is provided with the vertebra next behind. 

Zygapophysis (^(vy6vj a yoke ; &,ir6<f>u<ris, an outgrowth), a name given to the arti- 
culating processes of vertebraB which correspond with those of Man. 

Zygoma (({rytofia, fr. (vy6y)t the arch at the side of the skull formed by the jugal 
or yoke-bone (o« malas of human anatomy), articulating with the squamosal. 

Zygosphene ((vy6v, <r<l>'f}Vj wedge), a conical process on the front of the vcrtebrsB of 
Ophidia which fits into the zygantrum of that next in front. 
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ing infoimalion relating to the compoaition 



8vo, 283. 

of articles in common use as food and 
medicine." — Pall Mail Cazctle. 

"Other of the artido, as on 'brewing,' 
'bread,' etc., are specimens of what cyclo- 
paedic writing should he, being concise and 
thoroughly exhaustive of the practical por- 
tion ofthe subject."— Veterinarian. 



tV. Soulhall 

THE ORGANIC MATERIA MEDICA OF THE BRITISH 

PHARMACOPCEIA SYSTEMATICALLY ARRANGED : Together 

with Brief Notices of the Remedies contained in the Indian and United 

States Phatniacopceias. By W. Southall, F.L.S. . Post 8vo, as. 6d, 



PHARMACEUTICAL 

SECOND EXAMINATIONS. 
Edition 



J. B. Smith 

GUIDE TO THE FIRST AND 

By John Barker Smith. Second 

Crown 8vo, 6s. 6d. 



first and sfcono examinations 
Latin Gkaumar — Fractions — Metric Svstbm — Materia Medica — Botanv 

— P HARM AC V— CH E M ISTRY — Presc ri ptions. 



John Steggall 
FIRST LINES FOR CHEMISTS AND DRUGGISTS 
preparing for Examination at the Pbarmaceutical Society. By John 
Steggall, M.D. Third Edition iSmo, 3s. 6d. 



NolM on tha British Pharmaoopa-ia, the 
Subslances arranged alphabetii^Iv. 

Tuble of 1'rcpaTa.tiDns, containing Opium, 
Antimony, Mercury, and Arsenic 

Classilicalion of Plants. 



Thermometers. 
Specific Gravity. 
Weights and MeasuiM. 
Questions on Phannaceutical Chemistry 
and Materia Medici. 



i 



Peter Squire 
COMPANION TO THE BRITISH PHARMACOPCEIA. 

With Practical Hints on Prescribing; including a Tabular Arrangement 
of Materia Medica for Students, and a Concise Account of the Principal 
Spas of Europe. By Peter Squire, Chemist in Ordinary to the Queen 
and the Prince of Wales ; late President of the Pharmaceutical Society, 
Tenth Edition 8vo, los. 6d. 

By the same Author 
PHARMACOPCEIAS OF THE LONDON HOSPITALS. 

Third Edition. Fcap 8vo, 6s. 

*,* Mr. Squire his collected all the FDrmnlre used in twenty-two of the principal 
Hospitals of London, and arranged them in groups of mixtures, girgles, kc, ko. These 
Formula; were revised and approved by the medici! staff of each of the Hospitals, and 
may therefore be taken as an excellent guide lo the medical practitioner, both as to dose 
and best menstruum in prescribing. 



Messes Chdrchill's Works 



J. BirUeck Nevins 

THE PRESCRIBER'S ANALYSIS OF THE BRITISH 

PHARMACOPffilA. By J. Birkbeck Nevins, M.D. Lond., Lecturer on 

Materia Medica in the Liverpool Royal Infirmary Medical School. Third 

Edition, Revised and Enlarged .... Royal 32mo, 3s. 6d. 

THE PRESCRIBER'S PHARMACOPCEIA : Tiie Medicines 
arranged in Classes according to their Action, with their Composition 
and Doses. By A Practising Phvsician. Fifth Edition. 

[Fcap i6mo, cloth, 2s. 6d.; roan, with fl.ip and clastic band, 3s. 6d. 



Jonathan PerHra 
SELECTA E PR.^SCRIPTIS : Containing Lists of the Terms, 
Phrases, Contractions, and Abbreviations used in Prescriptions, with Ex- 
planatory Notes ; the Grammatical Construction of Prescriptions; Rules 
for the Pronunciation of Pharmaceutical Terras ; a Prosodiacal Vocabulary 
of the Names of Drugs, he. ; and a Series of Abbreviated Prescriptions 
illustrating the use of the preceding terms. To which is added a Key, con- 
taining the Prescriptions in an Unabbreviated Form, with a Literal Trans- 
lation for the Use of Medical and Pharmaceutical Students. By Jonathan 
Pereira, M.D,, F.R.S. Si.-cteent!! Edition .... 32mo, 5s. 



Henry Beasley 
THE POCKET FORMULARY AND SYNOPSIS 

OF THE BRITISH AND FOREIGN PHARMACOPEIAS : Compris- 
ing Standard and approved Formula; for the Preparations and Compounds 
employed in Medical Practice. By Henry Beasley. Ninth Edition. 

[i8mo, 6s, 
By the same Author 
THE DRUGGIST'S GENERAL RECEIPT-BOOK; 
Comprising a Copious Veterinary Formulary and Table of Veterinary 
Materia Medica ; Patent and Proprietary Medicines, Druggists' Nostrums, 
&c. ; Perfumery, Skin Cosmetics, Hair Cosmetics, and Teeth Cosmetics ; 
Beverages, Dietetic Articles and Condiments ; Trade Chemicals, Mis- 
cellaneous Preparations and Compounds used in the Arts, S:c. ; with useful 
1 Memoranda and Tables. Seventh Edition .... iSmo, 6s. 

Also 
THE BOOK OF PRESCRIPTIONS: 

Ecriptions collected from the Practice of the n; 




Surgeons, English and Foreign. Fourth Edition 

"Mr. Beasley'? 'Pocket Formulary,' I 
' DiLj^ist's Receipt -Bo ok,' and ' Book of 
Prescripiions' form a compact hbraiy of | 



Containing 3,000 Pre- 
)st eminent Physicians and 



J 



X Messrs Churchill's Works 

A //. Lcscher 
AN INTRODUCTION to the ELEMENTS of THARMACY. 
By F. Hakwood Lescher. Fourth Edition Sto, 7s. 6d, 

Sec. I. Matekia Medica ; Characteristics of Drugi ; Geographical Sources ; Detec- 
tion of Spurions Speciinena. 
11. Botany r Sketch of Oreans, with their Functions ; Croupinga of llie 
Characteristics; Natural Orders. 

III. Chemistry : Ouliino of Physics ; Simple I'rimary Analysis ; DetKlion of 

Adulterations ; Poisons— Tests and Antidotes ; Oi^aoic and Inorganic 
Chemicals. 

IV, Pharmacy ; Pharniocopceia ; Preparations ; Active Ingredienla. 

V. Prescriptions : The Latin Language ; Examples, wjlh Errors and Unusual 
Doses [ Tables of Doses. 
VI. Practical Dispensing ; Groupincs of StrengtliB of Solutions ; Emulsions ; 
Pills. &c. ; Changes in Mixtures. 

£. i'. Proetor 
LECTURES ON PRACTICAL PHARMACY. 

By Baknard S. Proctor, Lecturer on Pharmacy at the College of Medi- 
cine, Newcastle-on-Tyne. With 43 Wood Engravings . 8vo, I2s. 



Drjrfng— Comminution— Solution— Crystallisation— Precipitation— Diffmion in Liquids, 
Dialysis, Osmosis, &c. — Evaporation, Boiling, Fusion, and Calcination — Distillation and 
Sublimation — Filtration and Percolation— Official Pharmacy— Official Liquors or Solu- 
tions— Official Infusions and Decoctions— Extracts— Spirits, Tinctures, Wines, Vinegars, 
Liniments— Official Products of Distillation and Sublimation — Official Products of FmiOD 
—Official Saline Preparations, &c,. Crystallised, Precipilflled, Scaled, or Granulated- 
Complex Processes — Dispensing— Reading Autograph PrescripliodB — Pilla — Powderi, 
Ointments, Plasters, Suppositories, tc— Qualitative Tests of the I'harroacopceia — Quan- 
titative Testing of the Pbarmacopa'ia — Pharmacy of Special Drugs. 

d specimen of a treatise on Chemistry as applied to a special art." — Chtntical 



NflU!. 



William Stowt 
TOXICOLOGICAL CHART, Exhibiting at one view the 
Symptoms, Treatment, and Mode of Detecting the Various Poisons, 
Mineral, Vegetable, and Animal. To which are added concise Directions 
for the Treatment of Suspended Animation. By William Stowe, 
M.R.C.S.E. Thirteenth Edition . . . - Sheet, as. ; Roller, 55. 



G. C. WitisU-in 
PRACTICAL PHARMACEUTICAL CHEMISTRY: An 
Explanation of Chemical and Pharmaceutical Processes ; with the Methods 
of Testing the Purity of the Preparations, deduced from Original Experi- 
ments. By Dr. C. C. WitTstein. Translated from the Second German 
Edition by Stephen Darby ....... iSmo, 6s. 

" It would be impossible loo strongly to recommend this work to the beginner, for the 
completeness of its explanations, by following which he will become well grounded 
in practical chemistry." — Fi-oitt tki InlroducUoit by Dr. Bucliiui: 



Messrs Churchill's Works 



Fraaer and Green 
THE DRUGGIST'S STOCK AND PRICE BOOK. 

Comprising the Drugs, Sundries, and Proprietary Articles in general use, 
with Ruled Columns for Stock-taking Purposes, and for recording the Cost 
and Retail Price of every Article kept in Stock Arranged by Frazer 
and Gref.n, Pharmaceutical Chemists to the (liieen, Glasgow. Svo, 3s. 6d. 



THE PHARMACEUTICAL JOURNAL AND TRANSAC- 
TIONS. Published weekly Price 4d. 



THE YEAR-BOOK OF PHARMACY: Containing the 
Proceedings at the Yearly Meeting of the British Pharmaceutical Con- 
ference, and a Report on the Progress of Pharmacy, which includes notices 
of all Phannaceutical Papers, new Processes, Preparations, and Formuhe 
published throughout the world, Published annually. 

[Svo, 1870, '71, '72, 7s. 6d. each ; 1S73, los. 



R. V. Tiism 
A PHARMACOPCEIA, INCLUDING THE OUTLINES OF 

MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac- 
titioners and Students of Veterinary Medicine. By Richard V. Tuson, 
F.C.S., Professor of Chemistry and Materia Medica at the Royal 

Veterinary College. Second Edition 7s. 6d. 

;terinary literature." — Chemisl 



" Not only practitioners and students of 
veterinary medicine, but chemists and 
druggists will And tliat this book supplies a 



and Druggist, 



Robert Bentley 
A MANUAL OF BOTANY: Including the Structure, Func- 
tions, Classifications, Properties, and uses of Plants. By Robert 
Bentley, F.L.S., Professor of Botany, King's College, and to the Pharma- 
ceutical Society. Third Edition, with 1,138 Wood Engravings. 

[Crown Svo, 14s. 
"As the atandavd manual of botany its position is undisputed." — C/ieniisl and 
Brnggist. 



F. Kohlrausch 

I AN INTRODUCTION TO PHYSICAL MEASUREMENTS, 

I With Appendices on Absolute Electrical MeaBurement, etc. By Dr. F. 

L Kohlrausch. Translated from the Second German Edition by T. H. 

^ Waller, B,A, B. So, and H. R. Proctek, F.C.S. With Engravings. 




THE MICROSCOPE AND ITS REVELATIONS. By 

W. B. Carpenter, M.D., F.R.S. Fifth Edition, with more than 500 Wood 
Engravings Crown Bvo. Just ready. 

',* The author has [Limed to combine within a moderate compass that information in 
regard to the use of his instnunent and its appliances, which is most essential to the 
worldng aioTciscopist, with such an account of tlie objecfa best fitted for liis study as may 
qualify iiim to comprehend what he observea, and thus prepare him to benefit soience, 
whilst expanding and refreshing his own mind. 



3. H. Martin 

A MANUAL OF MICROSCOPIC MOUNTING ; with Notes 
on the Collection and Examination of Objects. By John H. Martin, 
author of " Microscopic Objects," With upwards of 100 Engravings. 

[8vo, 7s. 6d. 
"«• The aim of this work is to supply the student with a concise manual of the prin- 
ciples of microscopic mounting, and to ^sist his progress in the manual dexterity, as far 
and words render it possible, nccessaty in their application. 



THE QUARTERLY JOURNAL OF MICROSCOPICAL 
SCIENCE. (Established in 1852.) Edited by Dr. J. F. Pavnk, Assistant- 
Physician at St. Thomas's Hospital ; Mr. E. Ray Lankester, Fellow of 
Exeter College, Oxford ; and W. T. THISELTON Dyer, Professor of Botany 
to the Royal Horticultural Society. 

[Annual Subscription, 16s. ; Single Numbers, 4s. 

",'' The Memoirs are, when needful, illustrated by Lith<^raphic Phitea, many of which 
are Coloured. The Journal contains, in addition, Notes and Memoranda, Reviews of 
Books, Quarterly Chronicle, and Proceedings of Societies, 



THE THANATOPHIDIA OF INDIA; being a Description 
of the Venomous Snakes of the Indian Peninsula. With an Account of 
the Influence of their Poison on Life, and a Series of Experiments. By 
J. Favrer, M.D., C.S.I,, Honorary Physician to the Queen ; late President 
of the Asiatic Society of Bengal. Second Edition, with 31 Plates (2S 
Coloured) Folio, 7/. 7s. 

iV. WkalUy 
THE HUMAN EVE, WITH REMARKS ON THE EYES 
OF INFERIOR ANIMALS : A Popular Description. By W. Whalllv 
M.R.C.S. With 40 Engravings . ■ . Fcap Bvo, 3; 




Messrs Churchill's Works 



A. Oiativeau and G. Fltming 

CHAUVEAU'S COMPARATIVE ANATOMY OF THE 
DOMESTICATED ANIMALS. Translated from the Second French 
Edition, and Edited by George Fleming, F.R.G.S., Veterinary Surgeon, 
Royal Engineers ; Author of " Travels on Horseback in Mantchu Tartary," 
" Horse-shoes and Horse-shoeing," " Animal Plagues," etc. With 450 
Engravings on Wood .... 8vo, .£1 lis. 6d. 

" Mr. Fleming haE earned the gratitude of the whole of his profession by preicnting to 
the Teterinary surgeon and student, in an English dress, one of the best and most com- 
prehensdve of Coctinentat text-books, enriched with additions which prove him to have 
been a conscientious student of the best writers on the Comparative Anatomy of the 
Mammalia. . . We have notting but praise to bestow on the manner in which 
Mr. Fleming has performed his work." — Midko-Ciirnrgical Rtvimi. 



T. H. Huxley 
A" MANUAL OF THE ANATOMY OF VERTEBRATED 
ANIMALS. By Prof. Huxley, LL.D., F.R.S. With numerous Engrav- 
ings [Fcap 8vo, I2S. 

By the same Author 

INTRODUCTION to the CLASSIFICATION of ANIMALS. 
With Engravings Svo, 6s. 



W. . 



, Ord 



NOTES ON COMPARATIVE ANATOMY: a Syllabus of 
a Course of Lectures delivered at St. Thomas's Hospital. Ky William 
Miller Ord, M.B. Lond., M.R.C.P,, Assistant- Physician to the Hospital, 
and Lecturer in its Medical School Crown Svo, 5s. 



"Compact, lucid, and well arranged. I 
These Notes will, if well used, be valuable 
to learners, perhaps still more so to 
teachers." — Nature. \ 



' ' We have gone through it carefully, and 
IB are thoroughly satisfied with the manner 
n which the author has discharged his task." 
-Fop. Scimce Review. 



John Shea 
A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix 
of Examination Questions. By JOHt* SheA, M.D., B.A. Lond. With 
3 Engravings Fcap 8vo, Ss, 6d. 



VESTIGES of the NATURAL HISTORY OF CREATION. 
With 100 Engravings on Wood. Eleventh Edition . Post Svo, 7s. 6d. 



Messrs Churchill's Works 



I J. Reay Gnene 

TABLES OF ZOOLOGY: indicating the Tribes, Sub-Orders, 

Orders, and Higher Groups of the Animal Kingdom, for Students, 

Lecturers, and others. By J, Reay Greene, M.D., Professor of Natural 

History In the Queen's University in Ireland. Three large sheets, 5s. 

the set; or, mounted on canvas, with roller and varnished , . 12s. 6d. 

',* These Tables have been carefully prepured in accordanne with the present state of 

science, and with a view to remove the ilifRculties which arise from the various opiaioni 

held by different zoologists. 

Andrew Wilson 
THE STUDENT'S GUIDE TO ZOOLOGY: 
A Manual of the Principles of Zoological Science. By Andrew Wilson, 
Author of '■ Elements of Zoology," and Lecturer on Zoologyi Edinburgh. 

With Engravings Fcap 8vo, 6s. 6d. 

" It is alike lucid and well arranged." — Med. Times and Ciiz. 

" Really a good book, well and clearly written." — Edin. Med. Jotir. ' 

" A trustworthy guide." — Lancci. 

"The illustrations are clear, and the whole work is elegant and compact." — Med,' 
Chir. Rci: 

R. DnvglUoH 

MEDICAL LEXICON: A DICTIONARY OF MEDICAL 
SCIENCE. Containing a Concise Explanation of the various Subjects 
and Terms of Anatomy, Physiology, Pathology, Hygiene, Therapeutics, 
Pharmacology, Ph;irmacy, Surgery, Obstetrics, Medical Jurisprudence, and 
Dentistry, Notices of Climate and of Mineral Waters, Formula; for Officinal, 
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo- 
logy of the Terms, and the French and other Synonyms. By Roblev 
DtiNGLiKON, M.D. New Edition, thoroughly Revised by Richard J. 
DUNCLISON, M.D, . , . Royal 8vo (1,130 pp.), 28s. 

*^* The object of the author from the oulnet has been to make the work an epitome 
of the existing condition of medical science. Starting with this view, the great demand 
which has existed for the work has enabled him, in repeated revisions, to augment its 
completeness and usefnhiess, until at length it has attained the position of a recognised 
and standard authority. 

R. G. Mayne and J. Maync 

MEDICAL VOCABULARY : an Explanation of all Names, 

Synonyms, Terms, and Phrases used in Medicine and the Relative 

Branches of Medical Science, giving their correct Derivation, Meaning, 

Application, and Pronunciation. Intended specially as a Book of Reference 

for the Young Student. Fourth Edition , . . Fcap 8vo, 8s. 6d. 

" We haverefciredto this workhundreds I Botanical, and Pharmaceutical Terms are 

oi times, and have always obtained the in- lo l)e found on almost every page."— 

Asnnation we required . . . Chemical, | Cliemisl and Dni^st. 



Messrs Churchill's Works 



G. Dawson 
MANUAL OF PHOTOGRAPHY. By GEORGE 

Dawson, M.A., Ph.D., Lecturer on Photography in King's College, London. 



Eighth Edition, with Engravings 
"The new edition of this excellent 
manual, which is (ounded on and incorpo- 
rates as much of Hardwich's ' Photographic 
Chemistry ' as is vaiuahle in the present 
further advanced stage of the art, retains 
its position as the best work on the subject 
for amateurs, as well as professionals. The 



Fcap Svo, 5S. 6d. 
many new methods and materials which 
are so frequently being introduced, mahe it 
essential that any book professing to heep 
up to the times must be frequently revised, 
and Dr. Dawson has in this work presented 
the subject in its most advanced position." 
—Nalure, May 29, 1S73. 



Lake Price 
A MANUAL OF PHOTOGRAPHIC MANIPULATION. 
By Lake Price. Second Edition, Revised and Enlarged, with numerous 

Engravings Crown Svo, 6s. 6d. 

•,• Amongst the Contents are the Practical Treatment of Portraits— Groups in the 
Studio— Landscapes—Groups in Open Air— Instantaneous Picturoa — Animals— Architec- 
ture— Marme Subjects— Still Life— Copying of Pictures, Prints, Drawings, Manuscripts, 
Interiors — Stereoscopy in Microphotography, &c., and Notices of the laat Inventions 
and Improvements in Lenses, Apparatus, &c. 



;nter on this pith, Mr. Lake 
the volume before us, proves 

he ' a guide, philosopher, and 
The British Joumal of Photo- 



" In these days, when nearly every Intel- desire to 
ligent person can, after a few weeks, roaster 
the manipulatory details of our art-science, 
attention to the artistic treatment of sub- 
jects is a matter for the serious considera- 
tion of the Photographer; and to those who 

C. Brooke 
THE ELEMENTS OF NATURAL PHILOSOPHY. By 
Charles Brooke, M.B., M.A., F.R.S. Based on the Work of the iate 
Dr. GOLDING Bird. Sixth Edition, witk 700 Engravings on Wood. 

[Fcap Svo, I3S. 6d. 



I, Elementary Laws and Properties of Matter ; Internal or Molecular Forces- 
2, Properties of Masses of Matter ; External Forces— 3, Slatics^4, The Mechanical 
Powers, or Simple Machines— 5, Principles of Mechanism — 6, Dynamics — 7, Hydro- 
statics — 8, Hydrodynamics — 9, Pneumatica — 10, Acoustics — 11, Magnetism; Diamag- 
netism — 12, Franklinic Electricity — 13, Vollmc Electricity — 14, Electro-Dynamics — 
15, Electro-Telegraphy — 16, Thermo- Electricity— 17, Organic Electricity — 18, Catop- 
trics and Dioptrics — 19, Chromatics— 20, Optical Instruments— z I, Polarised Light — 
22, Chemical Action of Light : Photography— 23, Thormics ^24, Radiant Heat. 

G. F. Rodwell 
NOTES ON NATURAL PHILOSOPHY: 
Lectures delivered at Guy's Hospital, by G. F. RODWELL, F.R.A.S., 
Science Master in Marlborough College. With 48 Wood Engravings. 

[Fcap 8vo, 5s. 
"As an mtroducfory text-book for this the derivations of scientific terms." — 
Examination [tbe Preliminary Scientiflc Natiin. 

(M.B.) of the University of London], it is " A well-arranged and carefully- written 

quite the best oncwe have seen . . The condensation of the leading facts and prin- 
Notea' chiefly consist of lucid and con- ciples of the chief elements of Natural 
else definitions, and everywhere bristle with Philosophy." — Chemical New:. 




Hessks CmntCHiLL's Works 



The following Catalogues issued by Messrs Ciiukch 
will be forwarded post free on application : 

I. Messrs Churchill's General List of nearly 600 works \ 
Medicine, Surgery, Midwifery, Materia Medica, Hygi 
Anatomy, Physiology, Chemistry, &■£., &-e., with a i 
Judex to their Titles for easy reference. N.B, This i 
includes Nos. 2 and 3. 

■2. Selection from Messrs ChurchilCs General List, < 

all recent works publisfted by them on the Art and Sciti 
of Medicine. 

3. A Selected and Descriptive List of Messrs Churchill's t 

on Chemistry, Pharmacy, Botany, Photography, and o 
branches of Science. 

4. Messrs Churchill's Rcd-Lcttcr List, giving tlie Titles , 

fortlicoming New Works and New Editions. 

[I'ubllihed (vny October.] 

5. Tlie Medical Intelligencer, an Annual List of Nezo Works 

and New Editions published by Messrs J. & A. Churchill, 
togetlter with Particulars of the Periodicals issued from 
tlieir House. 

[Seat at the commencement of each year to evefy Medical rrncllllnner In 
the United Kin^jdom whose name and adilresB can be aacerlalneil. A 
latge number are aUo furwaided to the United iJtatei of Amvrica, 
Continental Europe, India, and the Colonics.] 



Messrs CHURCHILL have a special arrangement with Messrs 
I LINDSAY & BLAKISTON, OF Philadelphia, in accordance with 

\ which that Firm acts as their Agents for the United States of America, 

I either keeping in Stock most of Messrs Churchill's Books, or reprinting 

I thein on Terms advantageous to Authors. Many of the Works in this 

I Catalogue may therefore be easily obtained in America. 



M'<^wart 1^ Co., Priiitas, Gnat Windmill Slrat, Ilavmarkd. 



